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[Chapter 23, Stat, at L., 1895.]

AN ACT providing for the public printing and binding and distribution of public documents.

Section 73, paragraph 2:

The Annual Report of the Secretar}' of Agriculture shall hereafter be submitted

and printed in two parts, as follows: Part One, which shall contain purely busi-

ness and executive matter which it is necessary for the Secretary to snbmit to the

President and Congress; Part Two, which shall contain such reports from the dif-

ferent Bureaus and Divisions, and such papers" prepared by their special agents,

accompanied by suitable illustrations, as shall, in the opinion of the Secretary, be

specially suited to interest and instruct the farmers of the country, and to include

a general report of the operations of the Department for their information. There

shall be printed of Part One, one thousand copies for the Senate, two thousand

copies for the House, and three thousand copies for the Department of Agriculture;

and of Part Two, one hundred and ten thousand copies for the use of the Senate,

three hundred and sixty thousand copies for the use of the House of Representa-

tives, and thirty thousand copies for the use of the Department of Agriculture,

the illustrations for the same to be executed under the supervision of the Public

Printer, in accordance with directions of the Joint Committee on Printing, said

illustrations to be subject to the approval of the Secretary of Agriculture: and
the title of each of the said parts shall be such as to show that such part is com-
plete in itself.
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PREFACE.

In the Annual Report of the Secretary of Agriculture for 1898 there

occurred the following reference to the Yearbook for 1899:

* * * For 1899 I am considering the propriety of making a special effort to

prepare a publication which .shall contain a resume of the achievements in the

United States in every "branch of science as related to agriculture during the

nineteenth century, for distribution at the Paris Exposition.

The plan thus suggested was no1 losl sight of, and in the circular

Letter instructing the chiefs of Bureaus, Divisions, and Offices as to

the matter to be supplied the Secretary expressed Lis earnest desire

that the idea presented in his Annual Report for 1898, quoted above,

should be carried out as far as possible in the preparation of the

papers for the present volume. He said:

I desire that the Yearbook for 1890, the distribution of which will occur daring

the last year of this century, shall present to the reader a picture of the develop-

ment of agriculture in the United States during the nineteenth century and of

its condition at the present time, and show in a special manner the effect upon
agricultural industry of the application of science in its several branches to the

service of agriculture. Every Bureau and Division in the Department charged

with scientific work should therefore contribute one or two articles reviewing

tin' progress made in the application to agriculture of the particular science with
which it is concerned.

In theexecution of this design it lias been necessary to somewhat limit

the number of papers, owing to the space desired for the proper treat-

ment of the various subjects. In addition to the Annual Report of

the Secretary, which, in accordance with the law providing for the

publication of the Yearbook, has the first place in the volume, there

are but twenty-six papers. A glance at the list of titles on page 5

will show that in the main the plan laid down by the Secretary has

been eairied out. A wide latitude, however, has been allowed to

each writer in the presentation of his subject, as each one was dealing

with what has been practically his life work. The result is
9

it is

believed, to present for the first time within the covers of a single

volume a fairly comprehensive review yf the progress and develop-

ment of a century in almost every branch of scientific inquiry having
a direct practical bearing upon agriculture.

It is gratifying to record in this connection that Congress has made
provision for an extra distribution of this number of the Yearbook
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4 PREFACE.

by providing a special edition to be available for foreign distribution

during the time of the Paris Exposition of 1900—an edition which

will be literally "extra," not only as to number but as to workman-
ship. So much for the miscellaneous papers from the several chiefs

of the Bureaus, Divisions, and Offices. Two papers only are contribu-

ted by others than Department officers and employees, that on the
'

' Work of the breeder in improving live stock " and that on the "Devel-

opment of transportation in the United States." These papers were

prepared by two gentlemen each of whom is especially qualified by
the experience of a lifetime to treat of the subject assigned to him.

The general character of the Appendix has not been materially

changed ; such modifications as have been made are in the direction

of expansion, with a view to the making of this part of the Yearbook
a convenient and full ready-reference book, excluding no information

which might be of value to any resident in a rural district. The steps

which have already been taken in this direction will be continued in

the future.

It should be said in speaking of the Appendix, the character of

which precludes the giving of individual credit for the various con-

tributions, that all the Bureaus, Divisions, and Offices of the Depart-

ment have supplied a share, oftentimes involving a very large amount
of work, not infrequently more than is required in the preparation of

papers for the main body of the volume. The illustrations include

sixty-three plates and numerous text figures.

It is proper to state here that acknowledgments are due to many
persons for information kindly supplied by them to the writers of

several of the papers comprised in this volume, but the frequency of

such aid makes it impossible to particularize, and confines us to this

general acknowledgment on behalf of the writers thus favored.

Geo. Wm, Hill,

Editor.

Washington, D. C, April 20, 1900.
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YEARBOOK
OF THE

XL S. DEPARTMENT OF AGRICULTURE.

REPORT OF THE SECRETARY.

To the President:
I have the honor to report upon the work of the Department of

Agriculture for the year ending June 30, 1899. This report touches

upon the work regularly carried on by the several Bureaus, Divisions,

and Offices, ami also indicates the new lines of scientific inquiry

inaugurated by the Department for the benefit of producers in the

several States. A brief summary precedes more extended considera-

tion. I have also endeavored to give in sufficient detail the reasons

for the estimates presented to Congress to carry on the work for the

coming year.

SUMMARY.

Weather Bureau.—The extension of the "Weather Bureau serv-

ice around the Caribbean Sea has been abundantly successful in

noting the first indications of cyclones, forecasting their movements,
and giving timely warning to onr Navy, to merchant vessels, and to
producers and others interested on land.

Division of Chemistry.—This Division is becoming a necessitj'-

to every Department of the Government in the making of chemical
analyses. Foods are investigated, preservatives of all kinds exam-
ined, sugar beets analyzed, etc. An interesting inquiry has been
made into the change which takes place in the composition of grains
grown repeatedly on the same soil.

Division of Entomology.—Since Dr. Howard has shown owners
of Smyrna fig trees on the Pacific coast how to get the fruit fertilized,

there is good reason to believe that in a few years we shall obtain our
fine figs from that locality, investigation by this Division shows that
house flies and mosquitoes may be greatly reduced by removing the
propagating conditions.

Division of Botany.—The Department is gathering information
regarding the life history of the plants that supply commerce with
india rubber and gutta-percha, and should Congress be pleased to
give direction, it will seek the plant zones in our island possessions
where these commodities may be produced. The United States now
pays 830,000,000 annually for rubber. We import between 14,000,000
and §5,000,000 worth of Egpytian cotton annually. Experimentation

9



10 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

indicates strongly that, on -suitable soils properly cultivated, this arti-

cle can be grown here.

Biological Survey.—Plants and animals thrive and produce best

where they are most at home. The Biological Survey is endeavoring

to find the most congenial conditions for our plants and animals.

Division of Vegetable Physiology and Pathology.—The
hybridizing of grains is being conducted by the Division of Vegeta-

ble Physiology and Pathology, with a view to securing varieties (rust-

resisting, drought-resisting, and cold-resisting) better suited to our

varied soils and climates. Hybridization will also be applied in the

immediate future to cotton, and efforts are now being made to get a

hardier orange tree by the same process. The diseases of plants in

the several States, including a serious fungous disease affecting sea-

island cotton, and the diseases of fruit trees are also being studied.

Division of Pomology.—This Division continues to experiment

in many localities throughout the country with fruit-bearing trees,

plants, and vines. For "example, 119 varieties of the finer table

grapes of Europe have been grafted on Phylloxera-resistant American
stocks and sent to North Carolina and Florida. Special work is

being done on the Pacific coast to get more definite data regarding

the adaptability of varieties to that locality.

Division of Forestry.—The Division of Forestry is introducing

practical and paying forestry on a large scale among lumbermen, and
extensive experimentation in tree planting is being conducted, with

cooperation on the part of those interested in woodcraft in the several

States.

Division of Soils.—The irrigation farmer of the West is being

helped by the mapping and extended investigation of alkali soils and
by the reclamation of injured or abandoned land, many acres of

which have become sterile through the injudicious use of water.

Division of Agrostology.—Cropping reduces the organic material

in the soil. Long-continued cropping renders the soil unproductive.

Grasses and legumes are the best agencies for restoring this organic

matter. The Division of Agrostology is experimenting with home and
foreign grasses and legumes in all sections of our country, to build up
worn-out soils in some cases and to introduce useful varieties in

others.

Office of Experiment Stations.—Cooperation between the

Department and the experiment stations becomes closer every year.

Assistance from the States is increasing and the farmers of the sev-

eral States are appreciating their station work more and more.

Experimentation in Alaska has begun with Congressional aid. This

work should be extended to Hawaii, Puerto Rico, and the Philippine

Islands, so that they may be enabled to supply the United States with

t topical products, our importations of which amount to over two
hundred million dollars annually.

Office of Public Road Inquiries.—There is great interest at

the present time in IJie public highways of the country. Extensive

experimentation is being conducted by the Department in cooperation

with local authorities in building sample roads from the materials

found in different localities, and in the laying of steel track.

Division of Publications.—During the year 603 publications were
issued and over 7,000,000 copies distributed among the people. Of
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the Farmers* Bulletins, 2,437,000 copies were printed and distributed,

which did not meet the full demand.

Section of Foreign 31arrets.—Shows rapid growth of American
commerce with all parts of the world. We continue t<> sell raw mate-
rial to foreign countries, from which they manufacture high-selling
articles. Trade regulations arc prohibitory against American meats
in some European countries where importations of cheap grains from
which meats are made are encouraged. The American farmer can not
afford to export nitrogenous grains or mill feeds for this purpose.

Bureau o» Animal Industry.—The work of this Bureau increases
rapidly. Meat inspection was conducted last year at L38 abattoirs
in -fl cities. The ante-mortem inspections were 53,223,176, while the
number in 1892 was 3,809,459. The third year of experimentation
with hog cholera shows that from 75 to So per cent of hogs injected
with scrum are saved. Encouraging results have come from the
introduction of dairy products into foreign markets. The Depart-
ment sends shipments abroad for the purpose of ascertaining the facts
regarding such products; these facts arc published, and commerce
naturally follows.

Division of Statistics.—Fifty thousand crop reporters keep the
Division of Statistics informed regarding the condition of our staple
crops, and every effort is being made to promptly give the people the
facts as th.y are found.

Gardens and Gbounds.—The grounds of the Department audits
extensive greenhouses serve a useful purpose, more than 100,000
plants and bulbs, all of economic value, having been distributed dur-
ing the year by the Superintendent. This official is now prepared to

supply tea plants for experimentation in the Gulf states.

Seed Distribution.—The Department in the distribution of seeds
is aiming to conform to the original spirit of the law by the importa-
tion and distribution of what is rare and valuable.

WEATHER BUREAU.

Tin- establishment of stat ions around the Caribbean Sea has enabled
the Weather Bureau to note the first approach of the West Indian
cyclone and to warn shipmasters in port and interested persons on
land, with remarkable certainty, of its approach.

EXTRACTS FROM THE REPORT OF THE CHIEF.

The following paragraphs, extracted from the report of the chief of

the Bureau, set forth some important features of the work:

COLD WAVES.

Among the most important warnings issued by the Weather Bureau are those
which give notice to agricultural and commercial interests of the approach of

periods of abnormally low temperature. Warnings of this class have been par-

ticularly successful during the past year, and a not unimportant feature of the
advices has been estimates of the probable continuation of injuriously low tem-
peratures. In fact, a special effort has been made, and will be sustained, to afford

all interests all the infonnation regarding future weather conditions that is war-
ranted by modern methods, appliances, and skill in forecasting. The recognized
accuracy of the temperature forecasts have caused them to be closely watched by
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various interests, and in the commercial centers movements of perishable goods

are almost absolutely controlled by advices received from the Weather Bureau.

By far the most important cold wave, or series of cold waves, of the winter

crossed the country from the North Pacific to the South Atlantic coasts during the

first half of February, 1899, damaging crops and fruits in the Southern States to

the extent of millions of dollars. During the first eight days of the month the

lowest temperatures on record were reported at points in the North Pacific coast

States; from the 9fch to the 12th many places in the Central, Western, and North-

western States reported the coldest weather on record. During the 13th and 14th

the cold wave overspread the Southern and Eastern States, attended on the 13th

by the lowest temperature on record from the Southern Rocky Mountain slope to

the South Atlantic coast, by zero temperature to the Gulf coast of Alabama, and

by a snowstorm of unprecedented severity in the Middle Atlantic States.

The Weather Bureau forecasts and warnings gave ample and timely notice to

all interests of the advance of the cold wave, and special reports and newspaper

•comments gave unquestionable evidence that the warnings prompted protective

measures whereby crops, live stock, and perishable goods and merchandise to the

value of hundreds of thousands of dollars were saved. Along the Middle Atlantic

and New England coasts the character of the storm called for the display of

hurricane signals, the extreme warnings of the Bureau.

The detailed action taken in connection with this cold wave and storm and the

numerous newspaper comments relating thereto, for which space can not be

given here, will be found in the Monthly Weather Review for February, 1899.

All reports and comments bear witness to the fact that the work of the Weather
Bureau in connection with this, the severest cold wave in the history of the

Southern States, was as nearly perfect as the most approved methods of tlissemi-

nating warnings would permit. The amount saved by stockmen in the West and

Southwest, by truck growers in the Southwest, and by fruit growers, gardeners,

and orchardists in the Southern States, and more especially in Florida, is incal-

culable. The superintendent of the Florida East Coast Line reports that the

warnings sent along his line of road, fifteen hours in advance of the cold wave,

alone resultedin saving one-half of the vegetable crop, and that the value of the

crop was estimated at $1,000,000. The exceptionally severe character of the storm

along the Middle Atlantic and New England coasts amply justified the special

warnings sent to that section.

CLIMATE AND CROP SERVICE OF CUBA AND PUERTO RICO.

In the latter part of October, 1898, instructions were given to the official at

San Juan, Puerto Rico, to establish a climate and crop service in that island, and

later similar action was taken in Cuba. Sufficient instruments and shelters of

standard pattern were sent into both islands and voluntary stations established

as rapidly as the cooperation of efficient observers could be secm*ed. By the

opening of the new year the issue of the Weekly Climate and Crop Bulletin had

begun in Puerto Rico, and similar bulletins for Cuba were first issued about the

middle of May. The illness of the official in charge unfortunately interrupted

the Avork of the Puerto Rico section, which, however, was resumed in May and has

since continued. Arrangements have been completed by which monthly section

reports, after the standard, for both Puerto Rico and Cuba will be issued here-

after, work on the first report, that for May, 1899, for Puerto Rico, being well in

hand. Notwithstanding the serious difficulties which were encountered in the

prosecution of the climate and crop work in these islands, due in a great measure

to the fact that the Spanish language is exclusively spoken, much has been suc-

cessfully accomplished, as evidenced by the fact that both sections issued weekly

bulletins with regularity after the middle of May.
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From the many courteous and complimentary communications that have been

received and notices published in the newspapers, both on the islands and in the

United States, it is evident that the efforts to establish this service have been suc-

cessful and have met a popular need. As the residents of the islands become
more conversant with the aims and scope of the service they will appreciate more
fully what a great benefit it is, both elimatologically and financially.

LOSS OF LIFE AND PROPERTY BY LIGHTNING.

The collection of statistics of loss of life and property by lightning, referred to

in a previous report, has been continued. The number of deaths by lightning

stroke in the calendar year 1898 was 367 and the number of injuries 494. The
places where the proportion of deaths to total population was the greatest were
the Upper Missouri Valley and portions of the Rocky Mountain region. The
I>roportion of deaths by lightning in the United States to the total population is

about five in a million, which, it may be remarked, is higher than the average of

most countries.

Nine hundred and sixty-six barns, sheds, etc.. 735 dwellings, stores, and office

buildings, 93 churches and schools, and 70 other buildings were struck and dam-
aged by lightning, the approximate loss being about a million and a half dollars.

Of the buildings struck. 40 were provided with lightning rods, 855 were not, and
in 952 cases it could not be ascertained whether the building was provided with
rods or not.

Nine hundred and sixty-four head of cattle, 306 horses, 30 mules, 426 sheep, and
116 hogs were killed by lightning during the calendar year above referred to.

The total value of tin 1 stock reported killed was $48,257.

Lightning has caused great loss of life and property thus far during the calendar

year 1899.

AERIAL OBSERVATIONS.

At the close of the last fiscal year 17 kite stations were in operation and 248
ascensions had been made, in each of which the elevation attained exceeded 1,000

feet. The work was continued until about the middle of November, 1898, at

which time 1.217 ascensions of 1,000 feet and over had been made.
The study of the records of temperature, pressure, and humidity thus secured

was intrusted to Mr. H. C. Frankenfield, forecast official, whose first report has
been submitted. For the first time in the history of meteorology we have facts

instead of hypotheses as to the average gradient of temperature up to 6,000 or

8,000 feet, free from all injurious influences, and for so many days and over such
a large region of country that it has a broad significance; evidently it is the only
proper gradient to be used in reducing atmospheric pressures or temperatures, up
or down, from any observer's level. Notwithstanding the imperfections attend-

ing the beginnings of any such entirely novel work, these 17 stations, with their

1,217 ascensions in the course of six months, have probably added more to our
knowledge of vertical gradients of temperature, humidity, and wind, in the day-
time of summer, in the lower portion of the atmosphere, than the sum total of all

that was previously known upon the subject.

STUDY OF TEMPERATURES AT STATIONS IX ALASKA.

The Bureau is studying the temperatures at stations in Alaska to

learn what effect they may have on rainfall in California, and when
cables are laid around the Pacific, with observers stationed at numer-
ous places, the ocean currents and their effect on our Pacific coast,

being more intelligently studied, will be better understood. The
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severe cold wave of last winter that destroj^ed so many fruit trees

suggests the continued improvement of our means of observation.

RECOMMENDATIONS.

The greatest returns from the large sum (81,022,482) spent annu-
ally in the maintenance of the Weather Bureau are from the warn-
ings to marine interests of destructive storms and predictions of cold

waves and frosts for the benefit of agriculture and commerce. An
appropriation of $95,000 for the purpose of equipping storm-warning-
stations with improved lights and durable iron flagstaffs and towers

from which these important signals can be advantageously displayed

is urgently recommended; also an increase of $25,000 in the fund
for telegraphing weather reports and improving the river and flood

service in order to meet the numerous demands now almost daily

made upon the Weather Bureau of this Department by boards of

trade, cotton exchanges, marine associations, and large individual

owners of ocean, lake, and river property.

DIVISION OF CHEMISTRY.

This Division has continued its study of various soils under identi-

cal conditions with satisfactory results. Improved methods of anal-

ysis have been devised and published for the benefit of agricultural

chemists throughout the country.

Much time and attention has been given to the investigation of

food products to ascertain the composition and nutritive value of

commercial foods, and definite data have been secured.

Careful and systematic research has been made in this Division for

preservatives of all kinds which may have been used on meats. The
attitude which the Department should take toward preservatives

has been frequently outlined in official reports, but it may be as well

to restate it here, as the matter is of great importance. It is well

stated in the report of the Chemist, as follows

:

It is not regarded as a wise thing to absolutely prohibit the use of preservatives
in foods. Since, however, all chemicals which have the properties of preserving
foods also have a tendency to interfere with the processes of digestion, it is held
to be imperative that no food should be offered for sale which contains a preserv-
ative without having this fact plainly stated upon the label of the package. Not
only should the label state that the food product contains a preservative, but it

should also give the name of the preservative and the quantity employed. In
this way the intending purchaser is fully informed in regard to the character of
the product which he buys. While it has been established that a healthy stomach
can, from time to time, receive with impunity food containing small quantities of
preservatives, it is by no means certain that the continued practice of ingesting
preservatives in foods would not produce serious injury. On the other hand, it

is also quite certain that weak or diseased stomachs may suffer temporary or
permanent injury from even minute quantities of preservatives.

Twenty tons of high-grade sugar-beet seed were imported from
Europe for distribution under the supervision of the Chemist. This
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-was sent out mainly through the experiment stations of the States

and Territories interested in beet culture. Analyses of beets have

also been made by the Division for all recipients of this seed desiring

snch service.

The State, War, Treasury, Justice, Post-Office, and Interior Depart-

ments of the Government frequently call upon the Department of

Agriculture to have chemical work done, which suggests the wisdom

of preparing to do this work through statutory provision recognizing

the Division of Chemistry and providing means to enable it to serve

all the Departments.

Deterioration in the gluten content of wheat is being inquired into.

DIVISION OF ENTOMOLOGY.

There are very largo numbers of Smyrna iig trees in California that

have never matured fruit because the -flowers were never fertilized.

Dr. Howard, chief of tliis Division, suggested the importation of an

insect (Blastophaga grossorum) which in the Mediterranean coun-

tries fertilizes this iig. This lias been successfully done, and the

insects have multiplied and fertilized many tigs that matured.

Dr. Swingle, who made the importation, is carefully studying the

habits <>f the insect and teaching the owners of the trees regarding it.

There is good reason to hope that our country will get its Jigs in

future from 1 he Pacific coast. The Division continues its study of

injurious insects thai may invade our territory from contiguous

countries. Volunteer observers fortius Division are studying injuri-

ous Puerto Rican insects. Sets of injurious insects are being received

from several foreign countries with which we have intercourse.

Insects are being studied thai are destructive to forests in the North-

ern States. The life history of the San .lose scale, through the

work of this Division and State officials, is now well understood.

Experimentation in this Division to learn whether this scale would

live on dried fruit has convinced most foreign importers that they

may safely handle this product.

Investigation is being made by this Division regarding the ability

and likelihood of house flies and mosquitoes to carry disease; also by
many scientists, who call upon Dr. Howard for exact information

bearing upon the life histories of these insects. Life histories of

insects injurious to garden crops, grasses, and tobacco are being made
out. The Mexican boll weevil is under consideration and the geo-

graphic distribution of insects is being carefully mapped, both lines of

work in cooperation with local entomologists. Experimental work
with remedies and their effects on foliage has been undertaken. The
honey bee is being studied along practical lines, such as the prevent-

ing of swarming, queen rearing, and the like. Much inquiry comes

regarding the large bee of the East, which we will import as soon as

arrangements can be made.
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DIVISION OF BOTANY.

The many deaths of human beings and farm animals caused by
poisonous plants justify continued work by this Division with regard

to them. Several hundred tests have been made of seeds bought in

the open market, showing that imported grass seed, particularly,

requires the attention of the Department on account of its impurities.

Dealers in these articles have been warned, and further tests will be

made. The work of seed and plant introduction has been attached

to the Division of Botany in order to avoid multiplicity of supervision.

During the last year explorers have been sent to Russia to secure

superior varieties of cereals resistant to cold, drought, and fungous

diseases.
*

One explorer went to Japan to procure varieties of rice possessing

high milling qualities, for cultivation under the new system in Louisi-

ana and Texas, by which the rice fields can be flooded when necessary

and dried at x>leasure to admit the harvester. A testing garden has

been secured on the Potomac flats, through the courtesy of the War
Department, where observation may be had of plants introduced from

foreign countries, so as to avoid new plant diseases. The acquisition

of tropical islands by the United States has brought many inquiries to

this Division regarding the cultivated plants of the Tropics. There is

now widespread interest in tropical agriculture and a demand for

correct information on the subject, which the Department must be

prepared to satisfy.

BIOLOGICAL SURVEY

During the fiscal year 1898-99 field work was carried on in four

States (California, Maryland, Nevada, and Texas) and two Territories

(New Mexico and Alaska), and also in British Columbia and North-

western Territories. In 1898 the principal work was done in Cali-

fornia and in 1899 in Texas and Alaska. Work was done under the

direction of the chief of the Division on Mount Shasta and in the sur-

rounding country. Several life zones were run from the bottom of the

Sacramento and San Joaquin valleys to the summit of the Sierra, and

also in other valleys of the Pacific coast. The rapid settlement of

Alaska has attracted attention to that Territoiy. A favorable oppor-

tunity for investigation was afforded our biologists through the liber-

ality of Mr. Edward II. Harriman, of New York, who fitted up an expe-

dition for a trip along the Alaska coast.

During the year 1,381 bird stomachs were received and 1,901 were

examined in the laboratory. The collection contains 31,300, the accu-

mulation of fourteen years; less than 50 per cent have been exam-

ined. Detailed reports of some of this work have been published by
the Department. The object is to obtain reliable data respecting

the food habits of these birds and to determine their value or possible
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injury to the farmer. Considerable work lias been done to determine

whether birds show marked preferences in selecting food or Bimply

eal what is most abundant.. Work continues along the line of com-
paring and tabulating data and mapping the geographic distribution

of l>inls. Similar data have beeu tabulated for mammals.
Tin- Biological Survey has determined the natural crop belts of the

United States and has nndertaken to map their boundaries ami to

prepare detailed lists of the agricultural products adapted to each.

A preliminary report on this subject, illustrated by a colored map,
has been already published (Bulletin Xo. 10, Division of Biological

Survey). By ascertaining in advance the areas suitable for each

variety of fruit, vegetable, and cereal, the Biological Survey aims to

put a slop to the present indiscriminate and wasteful experimentation

in which farmers spend vast sums of money each year vainly trying

to force crops 1,, grow in places unlit by nature for their cultivation.

The crop belts have been found to conform to certain temperature
conditions and to coincide with natural belts inhabited by particular

kinds of animals and plants, so that their boundaries may be fixed

by a study of the geographic distribution of our native species. The
work of mapping the life belts can be done only by experienced field

naturalists. Persona qualified by knowledge and experience are few
and difficult to set aire, regardless of compensation. Th.' Department,
owing to the limited means at its disposal, has not only been unable

to increase the small force long engaged in fhis work, but has lost.

several assistants who have resigned to accept better positions*

where, for each year members of the Biological Survey are offered

salaries much higher than those the Department is able to pay. No
increase in the appropriation has been made for seven or eight years,

as a consequence of which it is impossible to carry on the work
as economically as could be done with a slightly larger and better

equipped force. Much time is lost in lilting young and inexpe-

rienced assist ants to replace those w ho resign to aecepl more profitable

positions elsewhere; and it is often necessary to extend a piece of

held work over several seasons which might be completed in a single

season, with a considerable saving in expense.

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

This Division has been making a careful study of plant nutrition,

the heredity of plants, and improvement by breeding and selection.

"While the Department is endeavoring to ascertain, through the Bio-

logical Survey, where plants are most at home and under what climate

and soil conditions they prosper best, the Division of Vegetable Phys-
iology and Pathology studies the phenomena of plant life itself.

The diseases affecting timber are being studied in order that some-
thing may be published for the benefit of the public during the forth-

coming year. When our people become alive to the necessity of

1 A 09 2
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reforesting many parts of our country the value of a correct knowl-

edge of the diseases affecting living trees will be more apparent.

The diseases of trees are as a rule of such a nature as to necessi-

tate much careful investigation to discover the causes. Some are

due to unfavorable surroundings, such as soil or plant food, or to the

presence of noxious substances in the soil and air. The little-peach

disease in Michigan threatens to cripple the peach industry seriously

unless some means of checking it are found. A scieiitist from this

Division has been detailed to study the conditions and obtain all the

light possible on this disease in Michigan and elsewhere. Definite

conclusions have not been reached. The past summer has not been
favorable for studying the disease, because during the severe winter

of 1898-99 many trees partially diseased were killed outright.

The study of pear blight has been continued, also diseases of white

and sweet potatoes. It was found that a serious disease of the sweet

potato can be prevented by a simple treatment with formalin solution.

A serious fungous disease is affecting the sea-island cotton. One of

our ablest men has been detailed to study the matter on the spot.

This disease attacks other plants than cotton, and seams to bespread-

ing. The fungus appears to be of great vitality, and may live in the

soil for years, attacking the cotton plant when planted again after other

crops. In connection with this work it is proposed to inaugurate

experiments in breeding cotton, which will have for their object the

improvement of varieties of the crop both as regards marketable
qualities and ability to resist various diseases.

The pathologist who has charge of plant breeding has been detailed

to assist the Section of Seed and Plant Introduction for the greater

part of the year, and in Russia and other wheat-producing countries he
secured varieties as a basis for future work, in addition to collecting

large quantities of cereals for distribution. Another scientist from
this Division has been detailed to assist the Division of Soils in exten-

sive work on the curing and fermentation of tobacco. Advances
have been made by this Division in the use of pure yeasts for the pro-

duction of grape, apple, berry, and other wines. The yeasts have
been introduced from Germany bj^ agents of the Department. Cul-

tures of these yeasts were made to determine their purity, arid after

this preliminary work experiments were made to determine their

effects upon the fermentation of cider. Our people have been selling

apple parings, apple corings, dried apples, and cheap apples by the

ton to foreigners, who, with the aid of these yeasts, have been making
very desirable articles of commerce. It is designed that our own
people shall have the benefit of these discoveries in the future.

Questions have arisen regarding the effects of continued spraying
with copper sulphate—as to whether its accumulation in the soil after

long use will render the soil sterile. The nature of litis work is such
that it will take some years to cany it to a successful conclusion.



REPORT OF THE SECRETARY. 19

This Division renders much assistance to the Section of Seed and

Plant Introduction by inspecting new seeds and plants, so as to avoid

tlic introduction of new fungous and parasitic diseases, and also

by treating the grains imported and distributed by the Department.

Plant breeding is attracting more attention than usual. An assistant

of this Division was sent to attend the International Conference of

Plant Breeders in London during- the present year, so as to make
himself familiar with the methods pursued in foreign countries. The
work that may be done in improving plants by breeding is quite

analagous to that which has been done in improving domestic animals

by the same met ho. ].

The production of Large varieties through selections that will

improve either plant or animal; the development of varieties for

particular purposes, as is done in the ease of animals: the cr

breeding of plants, so a> to develop varieties that will be more hardy,

fungus resisting, drought resisting, early maturing, or late maturing,

are all under consideration. It is hoped by hybridizing to gel a

hardier orange tree for the Southern States, and thousands of c

bred plants were sent out this spring with this object in view. Seed-

ling pineapples secured l>y crossbreeding are ready for sending out,

and will be placed in suitable localities. Arrangements have been
made with the Nebraska Agricultural Experiment Station for cooper-

ative work in crossing corn. An interesting field is offered here, as

tins cereal is one of the great staple crops of the country, and nothing

has been done along this line. 5 tion has been relied upon alto-

gether for the improvement of this cereal.

The agent of this Division on the Pacific eoasl is at work on peach-

Leaf curl and on diseases of Lemon, orange, and walnut trees—indus-

tries in whieh the people of the coast are vitally concerned. The
crossing of raisin grapes has progressed far enough to warrant the

statement that time and judicious work are all that are i y to

obtain the bardie ss of planl and the required fruiting qualities in

California, Arizona, and Neva
The subtropical garden located in Florida is used in making pre-

liminary tests of hybrid fruits obtained in the regular work of the

Division and also to test the new plants imported by the Section of

: and Plant Introduction, about whieh we desire further informa-
tion before distribution. This garden has hybrid citrus (orange,

lemon, lime) and guava trees and a large number of seedlings. Pine-

apple plants and imported French grapes are being tested with a view
to determine their value for the Southern States.

DIVISION OF POMOLOGY.

The distribution of fruit-bearing trees, plants, and vines has been
largely increased during the past year owing to the facilities afforded
by the Section of Seed and Plant Introduction, and thus the theories
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of specialists can have a practical application. During the year

2,700 lots have been placed with about 275 experimenters in various

portions of the country. Consul Merriam at Iquique has sent us a

lime from the interior of Chile and a reputed hardy type of alligator

pear. The last mentioned is being thoroughly tested in the Southern

States. A reputed hardy variety from Mexico is also being experi-

mented with.

Experimentation under the direction of the Division is being con-

ducted in North Carolina and Florida, with a view to the successful

production of the finer table grapes of Europe. One hundred and nine-

teen varieties grafted on Phylloxera-resistant American stocks have
been planted by the experimenters, as well as 43 varieties of "direct

producers" and "resistant stocks." These vines were imported

through the Section of Seed and Plant Introduction, and more varie-

ties will be added during the coming year, so as to have thorough and
comprehensive tests made of all varieties likely to be useful. A bet-

ter knowledge of fungous diseases at the present time gives hope that

we can produce these fine grapes more successfully than was done a
number of years ago, before the science of applying fungicides was so

well understood. The results of experiments in root-grafting by this

Division are being prepared for publication.

A catalogue of fruits recommended for cultivation in various sec-

tions of the United States by the American Pomological Society,

which was published in 1897, has been thoroughly revised by a com-
mittee of that society working in cooperation with the divisional

force. To secure more definite data regarding the adaptability of

varieties on the Pacific coast, Prof. E. J. Wickson, of the University

of California, was last year appointed a special agent to conduct
special investigations on the subject among the growers of that

region. Extended preliminary investigations of the conditions of

the fruit industry in Idaho, eastern Oregon, and western "Washington
were made by the Pomologist during the autumn of 1898. The fruit

industry as a commercial enterprise is comparatively new in both

these sections. The outlook for the commercial fruit grower there

is very promising.

The unusually low temperature reached in 1899 worked permanent
injury to the trees and vines in many sections. Many that were sup-

posed to be hardy have been killed outright in many localities. The
Division of Pomology is endeavoring to ascertain the facts with regard

to varieties, so that it may be able to make recommendations for cer-

tain localities.

In preparing a horticultural exhibit for the Paris Exposition the

Division will secure such fruits especially as are now in demand or

may find a market in foreign countries. Canned, dried, and evapo-
rated fruits and vegetables will be shown in great variety. The apple
and the orange will be prominent among fresh fruits, and the pecan
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and shagbark among nuts. Everything is being done along these

lines to inform the world regarding our marketable products and to

assist merchants in finding markets.

DIVISION OF FORESTRY.

The work of this Division has been entirely reorganized during the

year. This and the introduction of practical and paying forestry

among lumbermen on a large scale, the extensive investigations in

tree planting, preparatory to practical work with tree planters, and
the widespread interest and cooperation in the work, especially

among lumbermen, are the mosl important facts to be reported. A
striking instance of this cooperation is the action of the redwood lum-

bermen of San Francisco, who voted to subscribe ^1,000, and offered

free transportation and free subsistence in their camps to our agents,

so as to advance by one year the time when the Division, delayed by
lack of funds, could begin work on the growth and reproduction of

the redwood.

Notwithstanding the increased appropriation made by the last

Congress, it is still utterly impossible to cover the held of necessary

action. Vi-iy many demands made for work of great importance to

the preservation and proper use of forests in the United states can

not be complied with for lack of means. It is earnestly hoped that

the Division may be enabled during the next fiscal year, through a

largely increased appropriation, to take advantage of the unprece-

dented opportunities created by the rapid public awakening to the

meaning and value of practical forestry.

At present all work in the Division is assigned to four sections,

each one in charge of a man of special knowledge and qualifications.

These are: Tim section of working plans, which has charge of all

practical work in the woods; that of economic tree planting; that

of special investigations, dealing with the habits and characteristics

of trees which affect their use in practical forestry; and that of office

work. But two of the various grades of technical assistants under
the beads of sections require mention here.

COLLABORATORS AND STUDENT ASSISTANTS.

The first grade is that of collaborator. The collaborators are

experts of established reputation on forestry, lumbering, or tree plant-

ing, and are scattered throughout the country. They prepare and
forward for publication treatises on subjects previously agreed upon.
Through them the best experience of trained specialists becomes
available to the Division at a very moderate cost. The pay of a col-

laborator is $300 a year.

The grade of student assistant was created to provide trained men
for the future needs of the Division and to supply it immediately with

assistants of high intelligence at small cost. Twenty-eight of these
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assistants have been employed during the summer, the majority of

whom are college or university men. Only those who have declared

their intention to adopt forestry as their profession are received. In

the field they work under the supervision of trained foresters, espe-

cially in the preparation of working plans and the study of commer-

cial trees. The pay of a student assistant is $25 per month.

Both collaborators and student assistants have been of marked
value to the work of the Division.

PRACTICAL ASSISTANCE TO FARMERS, LUMBERMEN, AND OTHERS.

Last October a circular was issued (No. 21 of the Division of For-

estry) offering advice and practical assistance to farmers, lumbermen,

and others in handling their forest lands, with a view of bringing

about the substitution of conservative for destructive methods. This

offer provided for the preparation of working plans, with full direc-

tions for work and with practical assistance on the ground, without

cost to the owners of wood lots, but in the case of larger tracts

requiring the owners to meet expenses for travel and subsistence, and
for the necessary helpers for the agents of the Division while in the

field.

During the year applications were received from 123 owners in 35

States for the management of 1,513,592 acres. Of these applica-

tions, 48 were for large tracts covering together 1,506,215 acres, the

remainder being for wood lots.

Personal attention on the ground was given to 41 tracts, covering

about 400,000 acres in 19 States. The contribution of private owners

to the expenses of this work Avas about $3,000.

It was found possible for the owners of a majority of these tracts

to carry out the working plans without personal assistance, but 15

of them required the active participation of the Division. On two

of the latter, comprising 108,000 acres, the working plans were put

into execution early in the year, and the first year's work has been

successfully completed. The second year's work is being pursued

under very favorable conditions.

As a result of a calculation, based on exact measurements, of the

amount of lumber wasted by the prevailing practice of cutting high

spruce stumps in the Adirondacks, there has been a decided change
for the better on certain tracts, and at the same time a great reduc-

tion in the amount of young spruce cut for road building has been
bnmght about. These are important changes.

In connection with the preparation of the working plans for the

two large tracts in the Adirondacks, a special study has been made of

the growth and production of the spruce on the eastern side of the

mountains and of birch and maple on the western slope.

Of the total amount of land submitted for working plans, about

[.,200,000 acres have not yet been examined. These tracts will be
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considered during the ensuing year as fast as the very inadequate
force of the Division will permit, and working plans will be made for

a selected number.
The Division has been thoroughly equipped with instruments for

field work, in which it was wholly lacking at the beginning of the year.

COMMERCIAL TREES.

During the year five species of commercially valuable trees have
been studied to determine their rate of growth and to ascertain their

special qualities in forestry. The more important of these studies

relate to the loblolly pine, in North Carolina, a tree of the first eco-

nomic importance, and the red fir in Washington, also called Douglas
fir, yellow fir, Oregon pine, etc., one of the most valuable and widely

distributed trees of the world. The--- studies have met with the
cordial approval of lumbermen, and much practical assistance has
been rendered by them. In addition the study of the coast redwood
in California has recently been begun, and later, if enough money
can be saved for that purpose, the white oak and the hickories will

be taken up.

ECONOMIC TREE PLANTING.

Tic planting of experimental plats in cooperation with State agri-

cultural experiment stations has been discontinued, and the stations

have taken over the plantations and assumed the responsibility for

them. This was done after a thorough study of the old plan, after

careful examination of the plantations at uine of the eleven stations,

and with the acquiescence of the authorities of every station. Two
other lines of work have taken the place of experimental tree planting.

One is a careful study of the results of the planting already done, in

which all thespecies used in the cooperativeplantations are represented,

and from which practically all the results to be expected from them
after many years may be gathered without delay and far more cheaply;
and the other the giving of practical assistance to tree planters under
the terms of an offer (set forth in Circular No. i?:?. Division of For-

estry) similar to that made to forest owners.

Close relations have been established with five of the most compe-
tent men in the treeless regions, and these gentlemen are preparing
reports on subjects of direct interest to tree planters.

In addition to the studies now being pursued, the work of the pres-

ent year will in great measure be devoted, first, to giving practical

stance to tree planters in the selection of the proper trees to plant

and in planting them rightly, and, secondly, to an attempt to deter-

mine the true effect of bare and wooded or brush-covered slopes on
the run-off of streams. The vast interests affected by the solution of

this difficult problem will justify the most persistent and careful work.
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SPECIAL INVESTIGATIONS.

Forest fires have been studied historically and in the field, and
important results have been reached. Records of more than 5,000

fires have been compiled and classified, and field work has been prose-

cuted in seven States.

A series of studies of North American forests by experts with special

knowledge of definite localities is in progress, and it is expected that

three of them will be completed during the coming winter.

Historical studies of the progress in forestry in New Jersey, Massa-

chusetts, and other States have been begun, and those for New York
are practically completed.

Much material has been collected for a general account of the

progress of forestry in the United States and of the practical appli-

cation of conservative forest treatment in this country up to the

present time.

Noteworthy progress has been made during the year in the photo-

graphic forest description of the United States.

OFFICE WORK.

The mailing list has been revised and extended, especially among
newspapers, and much material for publication has accumulated and
awaits attention during the winter. The botanical work formerly

carried on by this Division has been turned over to the Division of

Botany, where it more properly belongs.

During the year the force has been much increased, largely by the

addition of young American foresters. At its highest, the total

membership was more than five times that at the beginning of the

last fiscal year.

PLANS FOR THE ENSUING YEAR.

Except for the new work referred to above, the plans of the Divi-

sion, which have received my approval, do not contemplate any
material changes from the lines of effort pursued in the ye&v just

past.

DIVISION OF SOILS.

FIELD OPERATIONS.

The Division of Soils has continued and considerably extended the

investigation and mapping of the alkali soils of the irrigated districts

of the West, mentioned in my last report, with results which are at

once interesting and practically important to the irrigation farmer.

Three field parties have been out during the season mapping a small

area in the Yellowstone Valley in Montana; also about 150 square
miles in the Pecos Valley, New Mexico, and 250 square miles in the

vicinity of Salt Lake City, Utah, with a reconnoissanee over a much
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larger area. Short circulars are being prepares! for immediate and

wide circulation calling attention to the conditions due to. and the

best measures to prevent injury from, alkali or seepage water, as

well as the besl means for the reclamation of injured or abandoned

lands. Fuller reports will then be prepared, with detailed soil and

alkali maps on a scale of an inch to the mile, to be published in a

velum*' covering the field operations of the Division during this year.

The trouble from alkali is due primarily to the large amounts of

soluble salts generally presenl in all soils of an arid region. The

rainfall is not sufficient to carry off the salts as they art 1 set free in

the decomposition of the rocks. These saltsare naturally distributed

throughout the soil, ami for a U>w years are not harmful. With the

application of irrigation water, however, in the intensive cultivation

of crops, the excess of water accumulates and is liable to till up the

subsoil, and tins, together with the rapid evaporation in an arid

climate, shifts the salts until they gradually accumulate at or near

i he surface in such quantil ies as to be beyond the endurance of crops.

The natural drainage has of courseagreal influence on such an accu-

mulation of both seepage waters and alkali.

Another, and perhaps the most important, cause of the rise of the

suhsoil water and accumulation of alkali is in the leakage or seepage

from canals. As such damage is liable to lie widespread, it is a

matter for seri.ms consideration whether canal companies should not

be required to protect their ditches from undue loss, and individuals

be restrained from overirrigation or made liable for damages in

civil suits.

Another source of trouble is in the use of water for irrigation con-

taining too large a salt content. Cases have been brought to my
attention where land companies have, through ex advertising,

attracted many settlers, only to deliver water which the companies

had previously been informed contained too much alkali for irriga-

tion. Such action only invites widespread suffering and loss to the

settlers.

In some districts the condition of the water can be controlled, in a

large measure, by the water companies. Reservoirs are frequently

lowered for repairs or for cleaning out at the beginning of a long dry

period, and the remaining water concentrates by evaporation until it

i-^ really unfit for irrigation if the inflow is small and the usual floods

are delayed. Furthermore, the first flood after a long dry spell often

brings down great quantities of alkali, which have accumulated on

the watershed during the dry season. Frequently these first flood

waters should be diverted from the reservoirs, in order to prevent

serious damage to the community.
These matters are clearly set forth in the report of the chief of the

Division of Soils and in his statement of the field operations of the

Division, to which attention is called.
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RECLAMATION OF ALKALI LANDS.

When the alkali contains considerable quantities of carbonate of

soda, the usual remedy is heavy applications of gypsum with drainage,

if necessary, to insure thorough aeration of the land. When the

other alkali salts or seepage waters have accumulated in excessive

quantities, drainage is necessary.

So sudden and unexpected is the damage from the rise of seepage

waters and alkali that estates worth thousands of dollars may have to

be abandoned in two or three years, with an utter depreciation of value.

So widespread is the damage that in one tract alone near Salt Lake
City there are 100 square miles of practically abandoned land, partly

within the city limits, formerly containing some of the most fertile

lands of the valley, which would have, under a conservative estimate,

a value of over $3,000,000 if the original conditions could be restored.

With the encroachment of the alkali the farmers are moving back on
the higher levels.

The matter of artificial drainage, as a means of preventing dam-
age and of reclaiming alkali lands, has been so often advocated with-

out attracting the attention necessary to induce action, and the matter

is of such vital importance to the West, that I have recommended to

Congress an appropriation of $10,000 for the purpose of actually

demonstrating the practical utility of the different methods of treat-

ing such lands.

SOIL MAPPING IN THE EAST.

Equally important work is being done in the eastern district of

the country. Part of this will be referred to under "Tobacco
investigations."

The methods of field soil surveys have been worked out in the past

few years in this Department, and men have been carefully trained

for such work. As no such training exists elsewhere in this country,

several of the experiment stations and State geological and economic
surveys have been glad to avail themselves of the cooperation of the

Department, thus, while contributing to the expenses of the work,

being relieved of the direction and responsibilities of making soil sur-

veys of their States. Thus, a detailed soil survey has been under-

taken of the soils of Maryland, in cooperation with the geological

survey of that State, and of Louisiana, in cooperation with the Slate

experiment station. Such cooperation will be encouraged so far as

competent men can be obtained and the means at our disposal will

permit. Other States are willing to contribute money, but the diffi-

culty has been to obtain men and to find the time required to train

them. There is a wide and valuable field in this work for the gradu-

ates of our agricultural colleges who are willing and able to undergo
the accessary training.
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TOBACCO INVESTIGATIONS.

The investigations of the tobacco soils of the country by the Divi-

sion of Soils lias shown so much of importance that last year I asked

Congress for an appropriation to extend and supplement this work.

This request was granted. The money was not available until the

first of July, 1899, but since that time amount of the most

important work has been done, which will be referred to in my next

Annual Report. Briefly, this work includesthe mapping of 400 square

miles in the Connecticut Valley, including the principal tobaceo areas

of that important locality. This map, which is being prepared for

publication, shows the character of the soils and their distribution.

The soils occur in more or less well-defined ten-aces, formed by the

old lake which covered thai area in prehistoric times. The highest

terraces, or the old lake bottom, are coarse sand, containing fine

gravel. These "plains" soils produce the finest wrapper leal' when

the season is favorable, but on account of the droughty character of

the section such crops are only obtainable about two years in live.

Sonic practical method can no doubt be found to make the co-op more

certain.

The next lower terrace is of liner sand, and it is upon this that the

general crop of Havana seed leaf is produced. The next terrace is

of stil! liner sand and produces the line broad-leaf variety, while the

lowest terrace, orthe present meadows, is of such fine silt that it pro-

due* se dark tobacco unsuited to the present market demands.

There are other soils upon which tobacco can not b grown, and still

others upon which tobacco of peculiar p - is produced, suited

to certain trade. The map will show these soils in different colors.

CAUSE OP THE FERMENTATION OP TOBAI

To supplement this soil work, the Division of Vegetable Physiology

ami Pathology is cooperating in the study of the cause of the fer-

mentation of ;. It has been found that the flavor and aroma
are duo not to bacteria, as was formerly supposed, hut to enzyms or

oxidizing agents in the leaf itself. The formation of these oxidizing

agents and the conditions of their greatest activity are being studied.

It has been found that some of the soils of the Connecticut Valley

are similar in all essential respects to the soils of Florida and Cuba,

and an effort will be made, through changes in the methods of culti-

vation and fermentation based upon these investigations, to improve

the quality of the Connecticut leaf so as to adapt it better to the

present demands for wrapper for high-priced cigars. Next year it is

proposed to investigate the soils of Pennsylvania and Ohio to see if

the quality of the filler leaf grown on the heavier soils of these

localities can not be greatly improved.
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PHYSICAL AND CHEMICAL INVESTIGATIONS.

To supplement and support the field work of the Division, various

investigations are being carried on, partly with the cooperation of

the Division of Chemistry, in relation to many intricate soil problems,

such as the retention and movement of the water through soils;

the physico-chemical effect of fertilizers in soils; the absorption of

salts; the physical properties of loams and clays; the plasticity of

clay; the formation of hard pan, and similar subjects.

These matters are exceedingly intricate and difficult to work out,

but the vast importance of the economic problems depending upon
these properties of soils justifies a prolonged and searching inquiry

into them.

Several instruments and methods have been devised and perfected

in the Division of Soils which are of distinct advantage in these lines

of soil investigation. Furthermore, the very large and valuable col-

lection of over 4,000 samples of soil supplies very valuable material

for these laboratory investigations.

DIVISION OF AGROSTOLOGY.

NATIVE GRASSES.

It is acknowledged that there is no country in the world so rich in

the number and variety of useful grasses and forage plants as the

United States. The investigations of the Division of Agrostology

have demonstrated that the country abounds in native species adapted

to nearly every variety of soil and climate and to almost every require-

ment. There are upland and lowland varieties, there are woodland
and prairie species, there are kinds which exist only in the humid
regions along the coast, and there are others which thrive in the arid

regions of the interior. Some are productive hay grasses or afford

abundant grazing, while others again are valuable for fixing drifting

sands or reclaiming impoverished or waste lands. There are decora-

tive species for the garden or lawn, and not a few are useful in the

arts and manufacture. Grasses are chiefly important, however, as

food plants for all kinds of stock, yielding beef, mutton, and other

animal products, which are a source of great wealth to the country,

and their investigation along these lines is a most useful and essen-

tially practical work of this Department. The fine quality of the for-

age afforded by the native grasses of our vast cattle ranges is a matter

of world-wide comment; the perpetuation and improvement of the

most valuable sorts are matters of extreme importance, and these may
well be the subjects of practical scientific investigations at our hands.

COOPERATIVE EXPERIMENTAL WORK.

In addition to the continuation of the work already established in

Texas, other experiments have been instituted during the year in the
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States of Washington and South Dakota. The results obtained in

Texas clearly demonstrate the possibility of materially improving

worn-out pastures and ranges by practical methods of treatment.

Testa have been made of a number of promising drought-resistant

grasses and forage crops, and some of these have shown great hardi-

ness, as. for example, some of the saltbushes, sorghums, and vetches,

as well as such native varieties as Colorado grass, blue grama, black

grama, and wild rye. On the Pacific coast the most extended tests

have been made at Walla Walla, Wash. Among the varieties giving

besl results at this point may be mentioned sainfoin, Australian salt-

bush, blue grama, smooth brome. Oregon rescue grass, slender wheat

.mass. Japanese barnyard millet, Turkestan alfalfa, and some of the

vetches. Most of these varieties show characteristics which will

render them adaptable to the conditions which prevail over large por-

tions of the great range regions of the West and Northwest. Thus,

smooth brome has exhibited great vitality, surviving prolonged

drought as well as extreme cold, and affording good returns of pas-

turage, hay,and seed under conditions that would destroy the ordinary
grasses; the saltbush 'promises to be of much value on land strongly

impregnated with alkali, and blue grama and the wheat grasses seem
destined to become our most valuable means for reclaiming the many
thousands of acres of range lands that have been all but ruined by
protracted droughts and overstocking.

The work at Highmore, S. Dak., which is being carried on in coop-

eration with the State experiment station has for its object the test-

ing of drought-resistant grass and forage crops, with a view to find-

big varieties suitable for the pastures, meadows, and ranges of the

semiarid prairies east of the Rocky Mountains. Although but
recently undertaken, the work is well in hand, and has already given

results of practical value.

By means of these experiments we are learning that many of the

native grasses adapt themselves readily to cultivation in our meadows
and pastures, in some eases proving of more value than any of the

introduced varieties yet tried. It is also being demonstrated that

these native grasses are susceptible to improvement by careful culti-

vation and select ion. and forms are being developed that give promise
of much greater adaptability to farm conditions than the parent
stocks.

There are many native leguminous forage plants, and some of

these are also giving good results under cultivation. The Metcalfe

bean of the table-lands of Xew Mexico is one of these. It not only
does well in its native section, but has made excellent growth on the

Pacific coast, ami uives promise of being a valuable forage plant for

the dry uplands of the West.
As in former years, most of the experimental work connected with

the grass and forage plant investigations is carried on in cooperation
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with prominent farmers in various parts of the country, to whom
seeds are sent for this purpose. During the year 1,G00 packages of

seeds, comprising 185 varieties of grasses and forage plants, have

been distributed in this way. These seeds include choice varieties

imported from foreign countries, in the hope that they will show
special adaptability to the conditions which prevail here, and native

sorts, collected by agents sent into the field to study the plants in

their natural condition and to select those possessing characters of

particular value for cultivation. In this way it is being demonstrated

that many of our recently introduced varieties are likely to have a

wide range of usefulness, and that some of the commonly grown sorts

deserve to be much more generally cultivated. Japanese barnyard

millet is not only a most valuable crop for the Ncav England States,

but has given excellent results in many places in the South. Rescue

grass has been grown in the South for many years, but many know
little of its value as a winter forage or how to cultivate it. The
legumes ought to be much more widely grown in the South, and will

be when their great value, not only for food, but as restorers of nitro-

gen to impoverished soils, is more fully understood and appreciated.

GRASSES AS SAND AND SOIL BINDERS.

The large areas of drifting sands along the Atlantic, Pacific, and
Gulf coasts and also about the Great Lakes and along some of our

larger rivers, which, because of their unstable character, are a serious

menace to life and property, could in many cases be reclaimed and
converted into valuable pasture and meadow lands. The study of

the grasses suitable for binding these sands has been extended along

the Atlantic coast as far south as Florida, also to various points on
the Pacific coast and along the Columbia River in Washington and
Oregon. Several native sand binders of great promise have been

discovered, and their utilization in a practical way has been under-

taken. The seaside blue grass, a native of the sand dunes along the

Oregon coast, where it grows abundantly, is said to be a good forage

grass as well as an excellent sand binder, and has been successfully

introduced along the sand dunes of Lake Michigan. The binding of

drifting sands and embankments about fortifications along the coast

is a serious problem which confronts the authorities of the War
Department, and at their request some experiments have been made
during the year on Tybee Island, at the mouth of the Savannah River.

Here, as on the Pacific coast, one of the native grasses promises to

be of greatest value.

THE GRASS COLLECTION.

Important additions have been made to the grass collection, includ-

ing valuable material from abroad as well as from our own country.

In all, OjL'fG sheets of mounted specimens have been added to the
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herbarium and nearly 4,000 determinations have been made for

correspondents.

PLANS FOR FUTURE WORK.

The great importance of the problems connected with the forage

supply of our country—the close relation which it bears to the welfare

and prosperity of the agricultural classes and the increase of public

interest in grass and forage-plant investigations—make it imperative

not only that the present linos of investigation should be continued,

bnl Unit new ones be undertaken. The investigations under way in

t!: Gulf-coast region and on the Pacific slope ought to be extended
in their scope; the work on range improvement should be continued

along the present practical lines; the investigations Looking toward

preserval ion and improvement of our most valuable native gras

and forage plants should be continued; the study of soil and sand-

binding grasses ought to be extended to include experiments as to

tlic adaptability of our native sorts to practical use for fixing the

shifting sands of our coasts and for holding embankments in place,

as well as i«> t he introduct ion of desirable foreign sorts; investigat ions

relative to the introduction, cultivation, and management of improved
nre and forage crops on the abandoned farms of New England

should be undertaken; the question of forage crops suitable to

alkali soils is one of urn eh importance to certain sections of the coun-

try, and should receive full and careful investigation. There is no

question as to the value and importance of investigations along all

the lines indicated, and an increase in the appropriation forthe Divi-

sion is recommended in order to effectively carry on the work.

OFFICE OF EXPERIMENT STATIONS.

RELATIONS OF Till: DEPARTMENT TO THE STATIONS.

The relations of the Department of Agriculture to the experiment

Sta1 inn-. <>t t he several Staler become closer every year. An increased

amount of assistance is given every year to tie- State experiment
ons to enable them to carry out work of a national character.

Cooperative work between the Department and the stations is grad-

ually increasing. The Department is consulted oftener regarding the

organization and management of the stations, the choice of officers,

the lines of work to be undertaken, the execution of special work,

plans for station buildings, materials and apparatus required for use in

connection with the different kinds of agricultural investigations, etc.

The Department has been able to bring some influence to bear

against the frequent change of station officials, which has been too

common in certain States. At the same time no effort has been made
to interfere with tin' independence of each as a State institution.

The farmers of the States are appreciating the stations more aud
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more, giving them attention, requiring better work, securing State

funds, and interesting themselves in the management and supervis-

ion. This is having an excellent effect and resulting in better work
for the communities in which they are located, all along the line.

NATIONAL AND STATE AID TO THE STATIONS.

The stations in all the States and Territories are visited regularly

eveiy year by officials of the Office of Experiment Stations, whose
report is transmitted annually to Congress for the information of the

national legislators. Where the experiment station is a part of the
agricultural college of the State the connection has a beneficial influ-

ence on the course of instruction, as the work of the station in the

interest of the locality has a tendency to better instruct the officers of

the college engaged in teaching. There is much need that the endow-
ment of the Federal Government should be supplemented by the State

in nearly every case, and many of the States are appropriating money
to enable the stations to extend their work. The erection of build-

ings for the colleges has often been done for the purpose of increasing

the facilities for experiment-station work.

The printing of station bulletins in a number of the States is regu-

larly done at the public expense, while some of the stations are

unable to publish the results of their experimental work for want of

means for the purpose. Experimentation has been begun in Alaska
with the aid of national funds. In each of the States of Alabama,
Connecticut, New Jersey, and New York a separate station is main-
tained wholly or in part by State funds. The Louisiana experiment
station, supported for a number of years by the sugar planters, is

now under the management of the State. Every year the sum of

$720,000 is paid to the several stations by the National Government,
while nearly $500,000 is paid by the States, individuals, communities,
and as fees for analyses of fertilizer, etc.

THE FUNDS OF THE STATIONS.

It has happened occasionally that boards of trustees have diverted

experiment station funds to college purposes. The opinion of the

Attorney-General of the United States has been had on this subject.

According to this opinion, no portion of the funds appropriated by
Congress in accordance with the terms of the act of March 2, 1887, can
be used, either directty or indirectly, for paying the salaries or wages
of professors, teachers, or other persons whose duties are confined to

administration, teaching, or other work connected with the course of

instruction given in the colleges with which stations are connected,

or in any other educational institution, nor should any other expenses
connected with the work or facilities for instruction in school or

college courses be paid from said fund.
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THE STATIONS CENTERS OF INFORMATION FOR LOCAL REQUIREMENTS.

In the development of methods of investigation and special appa-

ratus the Department can now accomplish much more than anyone

of the stations. On the other hand, the stations are. to an increasing

extent, becoming centers of information and authority on the lines of

work in which they have been engaged with special reference to the

local requirements of agriculture, and in some instances the stations,

through the liberality of Stale governments or connection with strong

colleges and universities, are in better position than the Department

to carry on investigations requiring the knowledge and skill of

experts or expensive forms of special apparatus.

By recognizing the authority of the stations in their several locali-

ties, securing the services of their expert officers, and the use of

special facilities at their command, it is believed thai the Department

may oftentimes most economically expend the funds intrusted to it

by Congress for special investigations, and can at the same time

devote the energies of its officers more fully and effectively to the

large enterprises for the promotion of the science and practice of

agriculture.

THE EXHIBIT AT THE PARIS EXPOSITION.

An exhibit of the publications of the stations and (if the Office of

Experiment Stations, with photographs and charts showing the build-

ings ami equipment of t he stal ions, special feat ares of their work, an

illustrated report on the history of the stations, and a collection of

special devices for station work, with illustrations of notable results

by means of models ami otherwise, will be made al ili<' Paris Exposi-

tion. Investigations in Alaska, in nutrition, and in irrigation, in

charge of the Department, will also be included in this exhibit. The
materials for the exhibit will be largely furnished by the stations.

NEED OF STATIONS IN THE NEW POSSESSIONS.

There is a pressing necessity for the establishment of experiment

si at ions in Puerto Rico, Hawaii, and the Philippines. The newer and

more intimate relations existing between these islandsand the United

States, the responsibility assumed by the United States regarding

them, and the necessity for giving to the peoples of those islands

information regarding their staple crops, their development, and the

insect and bacteriological pests to which they may be liable, suggest

the necessity of scientific investigation of everything pertaining to

production. These stations will be needed in our island possessions

much more than they are needed in our States and Territories. Special

investigations along these lines will not take the place of permanent

experiment stations.

There is no method of informing the tiller of the soil so valuable to

1 A 99 3
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him as to have practical scientists studying the conditions of pro-

duction in his neighborhood. There is thus provided not only an
object lesson, but the foundation of a farm literature. A local station

should be placed in each of the groups, on land belonging to the

Government, with buildings and equipments for field and laboratory

investigations, for careful surveying of the agricultural capabilities

and requirements of the lands, cooperative experiments with inter-

ested farmers, the dissemination under frank of bulletins of original

and compiled information, and the holding of farmers' meetings in

different localities for the diffusion of practical information.

In general, there should be a systematic effort to disseminate use-

ful information on agricultural subjects among the people and to gain

new knowledge which may be utilized for the benefit of the agricul-

ture of those regions. Educational influences of this nature estab-

lished among the peoples of the islands will not be the least potent

influences in elevating them to higher intellectual levels. Fifteen

thousand dollars could be wisely appropriated for Hawaii, SI 0,000 for

the Philippines, and $5,000 for Puerto Rico. These stations for the

present should be under the direction of the Secretary of Agriculture

until such time as, under the benign influence of the United States,

the people in the islands are thoroughly prepared to take charge of

institutions of this kind and manage them for themselves.

INFORMATION REGARDING WORK OF THE STATIONS.

A series of Farmers' Bulletins, based on the work of the experiment

stations, for the purpose of disseminating throughout the country

information regarding the work of the stations, and thus to acquaint

farmers in a general way with the progress of agricultural investiga-

tion, on its practical side, has been printed by the Office of Experi-

ment Stations. The demand for this class of Farmers' Bulletins is

glowing very rapidly. The aim is to provide our farmers with a

popular record of the progress of agricultural research.

WORK IN ALASKA.

Work is progressing in the establishment of an experiment station

in Alaska. Prof. C. C. Georgeson, a thoroughly educated and practi-

cal experimenter, has been put in charge of the work. Headquarters

for the present are established at Sitka, and a building is being

erected there for the convenience of the scientists connected with the

station work. Seeds have been distributed among different localities

in Alaska, and measures instituted to obtain information regarding

the crops, methods of cultivation, feeding of animals, and agricultural

possibilities of the different regions.

Professor Georgeson is experimenting in the growing of different

varieties of cereals, forage plants, ilax, and vegetables in gardens
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placed at his disposal by citizens of Sitka. In spite of late planting,

oats, barley, potatoes, flax, and a number of different kinds of vege-

tables of good quality were matured. Clover and grasses made an

excellent growth. Useful data were also obtained from these experi-

ments regarding the effect of different soil conditions on the germina-

tion of seeds and the growth of plaids. Experiments similar to those

being conducted at Sitka were made at Skagway.

Observations regarding soil temperatures are being made at Sitka

and Skagway, and arrangements fur similar observations will be made
at other places. Samples of soil were collected at Sitka, at Kenai,

and at Cooks Inlet, for which the moisture determinations were made
under the direction of the chief of the Division of Soils in this

Department. Circulars of inquiry regarding the agricultural con-

ditions in different parts of Alaska, including both the coast region

and the interior, were sent, out, and a number of replies v, '.red

and reported. A number of places on the coast region of Alaska
have been visited and surveys and reservations of land for experi-

mental purposes have b»-en made at Sitka, Kadiak Island, Kenai, and

Cook - 1 nl.'t.

Botanical investigations in Alaska under Dr. Evans, of the Office

of Experiment Stations, have been carried on during the past year.

A considerable number of specimens of the flora of the coast region

d. Several species were found that may prove of con-

siderable value as sand binders, for which there is great need in many
localities of the United States.

Careful experimentation with grains grown in northern latitudes is

being made. Efforts will be made by selection, and probably through

the results obtained by crossbreeding, to find grains suitable for that

territory. The effect of draining the soil is being tested, and the use

of the silo for preserving stock feed is being demonstrated.

HUMAN NUTRITION.

Several bulletins on the subject of human nutrition have been
issued by this Office during the pas! year. "The chemical composi-

tion of American food materials" (Bulletin 28, revised edition) con-

tains the maximum, minimum, and average of 4,000 analyses of

American food products, and gives a large number of analyses made
since the first edition was issued. As a standard table of food

analyses, it is, therefore, much more full and complete than any
table which has preceded it. " Dietary studies in Chicago" (Bulle-

tin 95), by W. O. Atwater and A. P. Bryan, contains a report on the

food habits of fifty foreign and three American families in the con-

gested west side of Chicago. "Fish as food" (Farmers' Bulletin 85)

and "Sugar as food" (Farmers' Bulletin 93) contain a considerable

amount of information derived from the reports on nutrition inves-

tigations mentioned elsewhere.
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IRRIGATION INVESTIGATK >NS.

BEGINNING OF THE WORK.

The first appropriation for irrigation investigations became available

July 1, 1898. The literature of irrigation, especially that containing

accounts of experimental inquiries, was collated and reviewed, and
correspondence was had with experiment station officers, State engi-

neers, and other experts who were devoting their energies to the study

of irrigation problems in this country. A conference of station officers

and engineers was held in Denver July 12 to 13, 1898, at which the

needs of agriculture under irrigation were earnestly considered and
much valuable advice regarding plans for the work of this Office was
obtained.

As a result of this preliminary inquiry, it was determined to limit

the work of this Office under the appropriation to two general lines:

First, the collation and publication of information regarding the laws

and institutions of irrigated regions in their relation to agriculture;

and, second, the publication of all available information regarding

the use of irrigation waters in agriculture, as determined b}'' actual

experience of farmers and experimental investigators, and the

encouragement of further investigations in this line by the experi-

ment stations. Prof. Elwood Mead, State engineer of Wyoming, was
asked to undertake the direct management of the investigations in

charge of this Office. Two irrigation bulletins were completed within

the fiscal year for which the appropriation was made. A report was
also made to Congress on the usefulness of storage reservoirs as a

part of the irrigation system. Thirty-fivethousand dollars have been
appropriated by Congress for the work of the present year, measures
have been taken to organize the work on a more permanent basis, and an
expert force with sufficient clerical assistance has been formed. The
subjects requiring investigation are numerous. The conditions and
needs of different localities vary, and the demand on the part of the

people for more immediate information in so many lines is so urgent

that much attention will have to be given to the selection of lines of

work to be undertaken.

NEED OF EXPERTS.

One great difficulty is to find an adequate number of men who
have had proper training to fit them to prepare publications or carry

on investigations in the manner which our work requires. As a rule,

the men who are best fitted for this work are engaged in other enter-

prises and can not be induced to enter the Department's service on
the terms necessarily imposed. In this, as in other special lines of

investigation which the Department has undertaken, it will be nec-

essary to organize a force to work under the immediate direction of

the expert in charge, and some time must elapse before this force can



REPORT OF THE SECRETARY. 37

be thoroughly trained so as to perform the most efficient service.

Considerable effort lias been made to ascertain who are available can-

didates for positions in this service. The establishment of agricul-

tural colleges for education in the sciences relatingto agriculture has

done something toward preparing scientists in several directions, but

there are many lines in which very little has been done, and this

is one of them.

When the Department requires soil physicists, plant pathologists,

or scientists well informed regarding animal husbandry and irrigation,

it has been found almost impossible to get them. The Western agri-

cultural colleges, where scientific knowledge of the facts concerning

irrigation is most imperatively necessary, are making vigorous efforts

t<> educate along these lines. The boards of management of the sta-

tions have been led to see the importance of the work in irrigation

which the Department has undertaken, and are moving in the direc-

tion of tic employment of a large numberof competent investigators

who can work in < peration with the Department. There must be

a period in which the training of experts, both by the Department

and the experiment stations, will be the most important features.

REASONS I "U A GENERAL STUD? OF Tin: SUBJECT.

The need of an impartial and thorough study of water rights and

the laws and methods of enforcing them is so urgent that the Depart-

ment has been under continuous pressure from the people of the arid

Stall's to devote all the funds for irrigation investigations to this

branch of the subject. The immense area embraced in the irrigated

regions, the wide difference between the laws ami methods of the dif-

ferent States, ami the complexity and number of the problems to lie

considered have required the expenditure of a great ileal of time and

thought in the organization of this investigation. It is the intention,

if sufficient provision is made, to include all the arid and semiarid

States in this study dming the coming year. In each of these Stales

the law and methods differ widely. Even where conditions are of a

similar nature, titles to water and methods of distribution are wholly

unlike.

There i> a second reason for making the investigation general.

Many most important riversare interstate streams. Some of them are

used for irrigation in half a dozen different States. The water rights

of these several States deal with a common supply. They vary so

widely in their character that there must sooner or later come a time

when their differences must be reconciled, or at least be brought to

the attention of the Federal Government, and become a subject of

legislation by Congress. It is of the utmost importance that before

either of these things occurs there should be a thorough understand-

ing of the character of the rights which are vested under these laws

and of the disturbances which will ensue if a uniform or interstate
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system of water rights should be put ill force. It is only through the

collection and publication of these facts that either the several States

or Congress can intelligently determine whether or not the control of

rivers used in irrigation should be left exclusively to the States, as

is done at present, or whether the present practice should be over-

turned and the streams be divided under the operation of federal

laws and under the control of federal officials.

Measurements of the actual volume of water used in irrigation and
the time of such use are being carried on in fifteen States and Terri-

tories. An approximate knowledge of the quantity of water required

to irrigate an acre of land growing any given crop is sooner or later a

necessity in any irrigated district. Farmers, canal builders, water

commissioners, State lawmakers, and Congress all need this informa-

tion in the making of water contracts, the planning of works, and the

determination and protection of rights in streams. Without it all

these important transactions are largely based on conjecture. The
mistakes to which this gives rise are a serious obstacle to the con-

servation of the water supply and its orderly division.

It is the purpose of this investigation to begin the collection of this

information, but in order that it may have general acceptance and
value the facts secured must embrace a wide range of conditions

and crops and be continued through a series of years, in order that

accidental variations of seasons may be eliminated. Before the

investigation is ended it is expected that it will embrace a study of

more economical methods and a determination of the extent to which
the reclaimed area can be extended thereby; but at the outset it is

desired to ascertain what is the common practice of irrigators.

The method of measurement adopted had to take into considera-

tion the fact that the demands of crops are not the same during dif-

ferent seasons of the year, nor is the supply uniform. Streams rise

and fall. The adoption of any device for delivering a uniform flow

would not, therefore, meet the demands of either the users of water

or the character of the supply. What has been done has been to pro-

vide for keeping a constant record of the amount used, without any
regard to the intentional variations in use or the accidental changes

in the supply. To do this it has been arranged to measure the depth

of water passing over a weir or flowing through a flume, and from
this record to compute the amount of water used.

One object of the studies on the duty of water is to secure greater

economy in its use, the reclamation of an increased area, and a larger

yield of crops through its more skillful application. Something
more is necessary than measurement of the quantity employed. The
factors which tend to produce a high or low duty must also be studied.

These include the amount of rainfall, records of temperature, rate

of evaporation, character of soil, losses in transportation in canals,

the merits of different methods of distributing water over the land,
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and the influence which is exerted by the character of private water-

right contracts for delivering water or of State laws governing titles

thereto.

Before we can rightly estimate the value of reservoirs we must
know not only the amount of water required by different crops, but

the time when such water is needed. The purpose of reservoirs is to

bring fluctuations in stream flow into harmony with the variations in

the demands of crops. A dependence on the natural flow of many
Western rivers permits of only a small fraction of their natural dis-

charge being utilized, because the waters run to waste before or after

they are needed. We must know when the water is needed, and how
much is needed in different months of the year, before we can rightly

estimate how much must he stored in order to utilize the entire

supply.

The character of water-right contracts lias much to do with the

economy or waste which prevails in irrigation. Many of these eon-

tracts have been prepared by people having little practical knowledge
of the subject. Among the classes of contracts which nave been

productive of either discontent or abuses are, first, perpetual water

rights. Under these contracts tie- user pays a certain amount per

acre lor all the land on the canal, whether he irrigates it or not.

These contracts usually specify a certain duty which has been fixed

before the needs of the lauds or the crops to be cultivated were

known. Sometimes this duty is so low as to be a direct incentive to

waste; in others, so high as to be manifestly one-sided and unfair.

A second class of contracts comprises these for the delivery of the

water used at a specified rate per acre, without regard to the economy
or waste of the irrigator. These contracts lead to controversies,

because of the temptation on the part of the irrigator to use all he

can. regardless of his necessities, since in that way he gets more for

his money; while on the part of the canal owner tin- temptation is to

agree to provide water for as many acres as he can without regard to

his ability. The objections to these two classes of contracts are lead-

ing to the evolution of ;i new system in which payment is made for

the quantity of water used.

The usefulness of this investigation is not limited to the arid region.

On the contrary, there is no question but that irrigation can be profit-

ably employed in the cultivation of large areas in the Eastern and
Southern Stales. A hundred thousand acres of sugar land are being
irrigated in Louisiana. Irrigation of the rice fields in the Carolinas is

very extensive. The market gardener could profitably use irrigating

waters. Irrigation is being experimented with in the growing of tea

in South Carolina. Prof. E. B. Voorhees, of the Xew .I^vm-y Agricul-

tural Experiment Station, is collecting data on the area of land now
irrigated in that State, the methods employed, the duty of water
obtained, and the benefits received.
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Many of the valleys of the mountain States are being injured

seriously by the injudicious use of water. Wherever the soil con-

tains alkali, it is being" brought to the surface when too much water

is applied, and the land thereby rendered infertile.

More than one-third of the country depends upon the success of

irrigation to maintain the people, the industries, and the political

institutions of that area, and future growth will also be measured

by the increase of the reclaimed area. In a region which, in the

extent and diversity of its mineral wealth, has no equal on the globe,

the riches of the mines in the hills are already surpassed by the pro-

ductions of the irrigated farms in the valleys, and the nation at large

is at last awakening to the fact that the development of the use of

the rivers and arid lands of the AYest will constitute one of the most

important epochs in our increase in population and material wealth.

It is not possible at the present time for the owner of an irrigated

farm to know exactly what his right is. The nation has made no

provision for the distribution of either the natural flow of the streams

or the stored water. The States vary greatly in their enactments

regarding the use of water. If the control of this element of produc-

tion is to be left to the States, there should be a definite declaration

to that effect. If it is to be assumed by the General Government, it

should be done at once.

OFFICE OF PUBLIC ROAD INQUIRIES.

INQUIRIES REGARDING ROAD-MAKING MATERIAL, ETC.

Something has been done during the past year by the Office of

Public Road Inquiries to ascertain what can be accomplished in

making roads by the use of the material found in the several States.

Cooperation has been had with the experiment stations of several

States in making steel roads, macadamized roads, and gravel roads.

The people of all the States are very much interested in the improve-

ment of their public highways. There is a great demand upon the

Department of Agriculture for assistance in road making, in address-

ing the students at our agricultural colleges, and in giving instruc-

tion regarding the best methods of using what material may be found

convenient. Publications have been sent out from the Department

covering the several features of road making, and for these there is

great demand. Much attention is being given to this subject by the

legislatures of the several States of the Union.

I am of the opinion that it .would be wise to have the resources of

the Eastern, Southern, Middle, and Western States carefully inquired

into by the appointment of competent men in each of these sections

who would ascertain and report upon the road-making material obtain-

able, and at the same time give instruction in the actual construct ion

of roads. There is also a necessity for scienl Lfic inquiry into the com-

position of road material in the several sections of our country, and
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the facility with which these materials when broughl together com-

bine to make good highways. Many sections of our country have

within reach hard rock from which good roads can be made. Other

sections are entirely lacking in this regard, and must, in my opinion,

eventually look to steel tracks for supplying permanent good roads.

In order to get information along these lines, short sections of steel

track were laid during the past year at Omaha. Nebr., Ames, Iowa,

and St. Anthony Park, Minn. The Western Slates are not well sup-

plied with stone and gravel for road-making purposes, and the people

of these States are watching these experiments with great interest.

It is our intention to encourage the laying down of steel-track sec-

tions during the coming year wherever we can induce the localities

to purchase the steel. We do not ye1 know what is the best shape

for the steel rail, nor do we know the best material to lay between Hie

tracks, but inquiry is being made along these lines and information

is being gathered from experience.

The people of the United states have associated themselves into

national and State organizations for the purpose of encouraging the

building of better roads anil for the consideration of ways and means
to thai end. There is a great deal of agitation and considerable edu-

cation along road-making lines. The people of many localities are

exceedingly anxious to have the cooperation of the Department in

improving their roads, and demands of this kind are so numerous
that our limited force is entirely inadequate to give Hie assistance

required. The object-lesson road work of Hie year has been as exten-

sive in territory covered as it has been far-reaching in results accom-

plished. Model roads of various kinds have been built, under the

supervision of agents of the office of Public Road Enquiries, in .Mary-

land, Nebraska, .Minnesota, Iowa, Kentucky, Indiana, and Wisconsin.

Elementary knowledge of road making is being rapidly spread among
the people. Students at our colleges are taking a great interest in

the study of road making. Gentlemen of means, enterprise, and
public spirit are doing much along experimental lines for the educa-

tion of their neighbors.

PRINCIPAL INQUIRIES OF THE YEAR.

The principal inquiries during the year were upon the following

subjects: New road legislation, especially as regards State aid; the

use of convict labor in road building or in the preparation of road

material; experiments with steel roads and other new plans; methods
of raising road funds; conditions of new roads under wear, especially

the sample roads designed by officers of the Office of Public Road
Inquiries ; the promotion of rural free delivery of mails by good roads

;

the progress of organizations for road improvement; the prospects

for road construction in several localities. The invention of road
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graders for use in the great productive prairies of the West has sim-

plified the construction of roads more than any other one feature of

progress. The value of these graders in making roads by horsepower

is not well understood in all parts of the United States.

RECOMMENDATION.

The great activity on this line among the people of the United

States during this fall, and the necessity of getting facts for use in

the several localities of our country, induce me to recommend that

Congress increase the appropriations of this Office sufficiently to

justify the appointment of four experts, so that information can he

gathered regarding valuable road material and cooperation be had
with experiment stations, colleges, and universities, and with the men
of enterprise who are now actively seeking such information and
such assistance.

DIVISION OF PUBLICATIONS.

NUMBER AND COST OF PUBLICATIONS.

During the year G03 different publications were issued, aggregating

20,420 pages of printed matter, and the total number of copies was
7,075,975, greatly exceeding the work of any previous year. Of this

number, 176 were Farmers' Bulletins, of which 2,437,000 copies were
printed and distributed. The cost of printing these publications was
$91,966.59, and of blanks, blank books, etc., $36,624.93, making the

amount expended for this purpose $128,591.52. There was paid for

artists and illustrations, labor and materials in connection with the

distribution of documents, and for artists' supplies, $29,836.55, mak-
ing the total expenditures under the supervision of the Division of

Publications, exclusive of the amount appropriated for statutory

salaries, $158,428.07.

In this connection, it may be said that the care and prudence which
have characterized the management of the Department printing are

strikingly manifested by a comparison of the number and cost of

the publications since the period when the Division was first estab-

lished. In 1891, the first year when the Division was fairly organ-

ized, there was expended for actual printing 59.8 per cent of the total

appropriation for that year, while 40.2 per cent was expended for

editing, illustrating, and distributing, whereas in 1899 of the total

appropriation for printing only 27.1 per cent was absorbed for edit-

ing, illustrating, and distributing, leaving 72.9 per cent available for

actual printing. Thus, in 1891, when the total appropriation was
$87,600, the number of copies of publications printed was 2,348,417,

while in 1899, with total appropriations of $185,260, the number of

copies of all publications printed was 7,075,975, showing a propor-

tionate excess of at least 2,000,000 copies in the actual output of

printed matter in 1899 over 1891.
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FARMERS' bulletins.

Of the total number of copies of Farmers' Bulletins printed

(2,437,000), Senators, Representatives, and Delegates in Congress

took 1. 101,985—considerably less than last year and the year pr< vious.

Under the law, when Senators, Representatives, and Delegates do
not avail themselves of the entire number of Farmers' Bulletins

allotted to them, the same revert to the Department for miscellaneous

distribution or for satisfying further Congressional orders. I am
therefore able, for the current year, to increase the quota of Farmers'

Bulletins allotted to Members of Congress from t,000 to 5,000 copies.

During the year 22 new Farmers' Bulletins were issued and 1 54 of

those heretofore published were reprinted. ."Most of the bulletins of

this series are of permanenl value, and are therefore suitable for

continuous distribution. It is my intention to still further increase

this series by adding to it bullet ins upon such subjects as the people

seem to require information, and to give the same the widest pos-

sible distribution. The total number of Farmers' Bulletins issued

since the series was inaugurated up to the close of the fiscal year

ending June '->^. 1899, was just Ion, and the total number of copies

printed was 11,270,500, of which Senators, Representatives, and
Delegates in Congress have received ami distributed 6,851,752.

MISCELLANEOUS PUBLICATIONS.

Of publications other than Farmers' Bulletins, 127 were prepared
in the various Bureaus, Divisions, and Offices of the Department. As
usual, these bulletins, many of them scientific or technical in char-

acter, have been distributed as .judiciously as possible, t lie effort being

to place them in the hands of those only to whom they will be of

special interest and value, and to prevenl waste or duplication. I

regret that under the law the edit ions of some of the mosl valuable

of these bulletins are restricted to 1,000 copies, so that the important

information they contain can not be given the wide dissemination it

should receive. It is earnestly hoped that this unwise restriction

may be speedily removed, so thai there may be no obstacle to the dis-

tribution of publications for which an urgent demand exists. It is

interesting to note in this connection thai during the year the .Super-

intendent of Documents sold 18,750 copies of the publications of this

Department, which had been turned over to him under the law, con-

stituting 70 per cent of all the public documents disposed of by him
during thai time, thus indicating that there is a considerable number
of persons to whom the small juice affixed by the Public Printer is no
obstacle to obtaining publications in which they are interested.

THE YEARBOOK Foil 1899.

The Yearbook for 1899 is now in course () f preparation and is

modeled in accordance with the plan suggested in my last report. It
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will contain a resume of the achievements in the United States in

every branch of science related to agriculture during the nineteenth

century, and it is hoped that Congress will see the propriety of order-

ing an extra number, say 20,000, for distribution at the Paris Exposi-

tion in 1000. In connection with our agricultural exhibit, the distri-

bution of special-bound copies of this publication would serve the

useful purpose of acquainting foreign countries with the achievements

in agriculture in the United States.

AN EVIDENCE OF THE DEPARTMENT'S USEFULNESS.

This steady and rapid growth in the publication work is a most
gratifying indication of the success of the Department in fulfilling

that section of the organic law creating it which makes it an essen-

tial part of its duty to diffuse information among the people on sub-

jects relating to agriculture. Brief, popular pamphlets continue to

afford the most acceptable means of widely disseminating the results

of the Department's investigations, while the scientific and technical

publications, still considered as standard works of reference and
authority by scientists both in this country and abroad, are accorded

their deserved prominence in libraries and institutions of learning.

The people have a right to look to this Department as the highest

authority on every subject connected with agriculture, and the num-
ber of publications issued which are designed to supply the informa-

tion requested, as well as the very wide distribution given to them,

is a most satisfactory indication that the Department is occupying

the place intended for it in the machinery of the General Government.

THE LIBRARY.

GROWTH OF THE LIBRARY.

Additions to the Library during the past year have numbered about

4,000 volumes, including some very rare works and scarce sets of

periodicals. The periodical list of the Library is growing veiy fast,

owing to the efforts made to increase our exchange lists with pub-

lishing scientists and the officials of various countries. There are

currently received by the Library at the present time nearby 2,500

periodical publications, more than 1,800 being obtained by way of

exchange and gift. The care of this mass of literature is becoming a

more and more serious problem in the limited room at the disposal of

the Library.
CATALOGUES.

The card catalogue during the four and a half years since its incep-

tion has grown enormously. There are now more than 50,000 cards

in the catalogue, covering, in author and subject entries, more than
two-thirds of the books in the Library. The publication of a cata-

logue of books on forestry has shown that the collection on this subject
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is extremely full, having undoubtedly more than three times the

extent of any oilier similar collection in this country. Catalogues of

the books on botany and chemistry arc well advanced and will prob-

ably be published before the end of next year. There is also in prog-

ress a complete author and subject catalogue of the publications of

the Department of Agriculture since 1839, with such analytical entries

as will bring out the subjects of separate papers in publications like

the Yearbook and the Farmers' Bulletins.

DEMAND FOR THE PUBLICATIONS OF THE DEPARTMENT.

The demand for the publications of the Department is increasing

at home and abroad very rapidly. They are attracting great atten-

tion among the learned men of foreign countries. We receive in

exchange for them a large proportion of the valuable agricultural

publications of all countries, ami every attempt is made by corre-

spondence t<> increase the material obtained in this way.

DIVISION OF ACCOUNTS AND DISBURSEMENTS.

For the fiscal year ended June 30, 1899, Congress appropriated for

the Departmenl of Agriculture $2,829,702. By the same act $720,000

was provided for the 48 agricultural experiment stations. The total

expenditures for the year amounted to $2,797,173.49. The unex-

pended balances were covered into the Treasury.

SECTION OF FOREIGN MARKETS.

INQUIRIES REGARDING FOREIGN 1KADE.

Our heavy foreign trade with in late years has attracted much at ten-

lion, both at home and abroad. Numerous inquiries have been
received regarding t he commercial opportunil tes offered by the former
Spanish possessions. No authority lias been given to this Depart-

ment to get exact information regarding trade facilities in Puerto

Rico, Cuba, and the Philippine Islands. The Section of Foreign Mar-
kets, has, however, collated and published everything available

regarding the t rade of those islands. Frequent inquiry comes regard-

ing trade in China and Russia, which seem to offer great commercial
possibilities in the immediate future. There is a dearth of reliable

information regarding both these countries.

REPORT OX THE TRADE OF THE PHILIPPINE ISLANDS.

The report by this Section on the trade of the Philippine Islands

required an unusual amount of research. It was found that the

statistics from Spanish sources were meager and gave a very inade-

quate idea of the commerce that belonged to these islands. The
Section has also printed a report dealing with the agricultural resources

of the islands, especially plant products, to meet the great demand
for information on this subject. The report contained a general



46 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

description of the most important Philippine cereals, vegetables,

roots, fibers, dye plants, etc., supplemented by statistics of produc-
tion, price, and exportation.

AGRICULTURAL EXPORTS AND IMPORTS.

The record for 1898 shows that our agricultural exports were
decidedly the largest in the history of the country. Their total value
reached $858,507,942. Among the exports that showed the largest

gains were wheat and wheat flour, corn, oats, rye, bacon, lard, hams,
cotton-seed oil, and oil cake. It was found that there was a falling

off in the agricultural imports, the total value being $314,291,709,

which was $86,579,672 less than the year previous. The decline in

agricultural imports for 1898 amounted to 22 per cent. Sugar and
wool were the principal factors that marked this falling off.

STUDY OF DANISH IMPORTS FROM THE UNITED STATES.

A study of Danish imports from the United States shows that that

country was importing in considerable quantities some of the articles

that enter most extensively into its export trade—butter and bacon,

for example. The Danes, having established a profitable market for

butter and bacon abroad, sell their own and buy from us. It is not

well established, however, that they do not import American farm
products for reexport under local names. We know that American
bacon is heavily imported into Ireland and sold in England as Irish

bacon. We have also information from agents abroad that the thrifty

people of that country (Ireland) import well-bred American horses

and sell them to the English, in many eases, as Irish hunters.

American wheat flour is competing in Denmark with the home
product. During the fiscal year 1898 our shipments of this article to

Denmark amounted to 61,019 barrels, more than 20,000 barrels in

excess of the largest shipments previously sent. The Danish bakers

find that the American flour is as good as the best Hungarian,
although less expensive, and it is being generally substituted for the

latter. The milling industry of Denmark is declining. Everjr indi-

cation points to an increase in the amount of flour imported from the

United States.

The American farmer is furnishing cow feed to the Danes. They
imported 16,874,943 bushels of indian corn in 1898. This, in addition

to the more nitrogenous mill feeds imported, enables the Danish
farmers to supply the British markets with some thirty-three million

dollars' worth of dairy products every year. The growth of the dairy

industry in the United States indicates that before many years the

American farmer will feed his cow feed at home and sell the product

of his skill in foreign markets. The Danes bought 55,958,989 pounds
of oil cake from the United States in 1897, and in 1898 they bought
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1.55,121,048 pounds. The American farmer can not afford to export

the nitrogenous by-products of the mills, as the soil that grows them
is regularly reduced by taking- them from the farm.

In this connection, it may be interesting to state that butter made
in Denmark from these American imports is peculiarly well adapted

to the markets of tropical countries. The butter has a higher melt-

ing point than butter made from the wider carbonaceous ration gen-

erally used in the United States. We raise linseed in the United

States to gel the oil with which to make paint for our buildings, but

have not learned that the nitrogenous by-product is of the first

importance in feeding live stock, especially the dairy cow. We are

also shipping considerable quantities of bran, and the trade is grow-

ing in these nitrogenous exports.

The Danish fanner is enabled to furnish the markets with tin

possible product, and at the same time maintain the fertility of his

acres. The Danes are reclaiming waste lands through the use of

fertilizers resulting from the purchase of our nitrogenous by-produ< I i.

We are reducing our lands to sterility by selling these products. It is

I'm duty of this Department to assist the farmers of the United St;

to find markets for all their surplus products. It is also our duty to

warn them of t lie eons' gnencesof exporting stock feed to foreign eoun-

t ries. The Danes have developed a heavy export trade in some of the

products of the farm, and Hie secret of their success lies in the great

pains they take to cater to the particular requirements of the foj

consumer and the care they exercise to maintain the uniform high

standard of their products.

Not only is every precaution taken to prevent the exportation of

inferior or damaged articles, bul sufficient attention is always devoted

to the packing and methods of shipment to insure arrival in good
condition of the articles exported. We exercise no supervision over

the shipments of American dairy products. The foreign buyer cau

depend upon the character of the consignments received from the

Danes, but unscrupulous traders in the United States devote their

utmost energies to imitationsof our best dairy products. Some years

ago we had an excellent market in Great Britain for our cheese,

whereupon a spurious article was exported that destroyed the good
name of American cheese This is being done now with regard to

American butter.

Copenhagen is the natural distributing center for the trade of the

Baltic Sea, and it has established a free port for the transshipment
of merchandise billed to other destinations. The amount of American
merchandise distributed through the Baltic region is increasing very

rapidly. During the fiscal year 1898 our direct shipments to these

Scandinavian countries amounted in value to more than $25,000,000.

Although agricultural products form a large part of this item and
show a material gain for the past decade, the principal increase lias
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occurred in our shipments of manufactured wares, such as machinery,

tools, utensils, etc.

Ten years ago the annual value of the exports of manufactured

articles from the United States to the Baltic countries did not exceed

$3,000,000. It now amounts to $10,000,000. Meanwhile the annual

value of our agricultural exports to the same region has risen from

less than $10,000,000 at the beginning of the decade to about $15,000,000

at its close. As long as the United States produces the cheapest cow
feed in the world for export, the market for agricultural products will

grow in the Baltic countries. Our best opportunity in this region,

however, lies in the development of a wider demand for our manu-
factures, of which the prospect is excellent. Transshipment at Copen-

hagen for other Baltic ports is a blunder on our part. American
ships should take goods to their destination under the American flag

in all parts of the world.

WORK OF THE SECTION IN FURNISHING INFORMATION.

One of the most useful features of the work performed by the Sec-

tion of Foreign Markets is the furnishing of information to American
citizens all over the country regarding these lines of industry. These

inquiries are very extensive. Pamphlets have been prepared, and
others will be, covering the information in most general demand, and
at a time when the products of our fields and factories are so jnuch

beyond the requirements of home markets, the work of this Section

is peculiarly valuable.

BUREAU OF ANIMAL INDUSTRY.

NUMBER OF ANIMAL INSPECTIONS AND COST.

The report of the chief of the Bureau of Animal Industry for the

last year shows that the work carried on by the Bureau is increasing

rapidly from year to year, and is becoming more and more an impor-

tant factor in the econom}T of animal production and in the exporta-

tion of animal products. Meat inspection was conducted during the

last year at 138 abattoirs in forty-one cities. The total number of

antemortem inspections of animals was 53,223,176, of which 31,405,973

were for official abattoirs and 18,817,203 for abattoirs in other cities

and for miscellaneous buyers. The number rejected upon this exam-
ination was 150,539. The growth of this feature of the work is

shown by the fact that in 1892 the total antemortem inspections for

official abattoirs was only 3,809,459. The total number of post-

mortem inspections was 34,163,155. The cost of this inspection was
$i()5,709.23. The cost per head on antemortem inspection was 0.88

cent; in 1892 the cost per head was 4.75 cents, and only once^was it

less (0.8 cent).

The number of hog carcasses examined microscopically was 2, 227, 740.
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Of this number, 2,160,230 were free from all appearance of trichinae

and 25,913 contained only trichinae-like bodies, while 41,597, or 1.87

per cent, contained living trichinae. The exports of this pork to coun-

tries requiring inspection amounted to 108,928,195 pounds, while only

70,046 pounds went to countries not requiring inspection. The cost

of this work was $198,355.14, or 8.9 cents for each carcass, and 0.182

cent for each pound exported.

There were inspected for export 436,595 American and 67,688 Cana-

dian animals. The number of inspections of vessels for carrying

export animals was 852. Of the cattle exported to Great Britain, the

losses were but 0.31 per cent; of sheep, 1.54 per cent; of horses. 1.11

per cent.

The expense <>i' inspection of animals for export, the supervision of

the movement of Southern cattle, and the inspection of animals im-

ported from .'Mexico amounted to 1107,023.31. It is estimated that

the cost pei- head of inspecting cattle and sheep for export averaged

13 cents. During tic quarantine season of L898 there were unloaded

ai stock yards north of the infected area 911,455 quarantine cattle,

and there were inspected in the noninfected area of Texas 236,369

cattle for shipment into other States for grazing. The imports from

Mexico requiring inspection at the boundary line were 79,908 cattle,

1,254 sheep, 64 hogs, and 121 goats. Tin- imports from Canada, not

subject to quarantine, were '.to. pis cattle, 172,985 sheep, and 1,769

horses. Some of these were for breeding, but the large majority were

for feeding purposes. The total number of animals received at the

ports of import was 2,463.

All of this work was done t<> prevent the spread of disease among

the animals of the Tinted States, to protect consumers from diseased

meats, to secure the arrival of our animal 'products in foreign mar-

kets in good condition, and to maintain the reputation of those

products at home and abroad.

Less FROM BLACKLEG.

According to the latest report, it is estimated that the ann'ual loss

of cattle from the disease known as blackleg, or symptomatic anthrax,

in the districts principally affected has ranged from 5 to 35 per cent.

The Bureau of Animal Industry has been for some time distributing

a vaccine for the prevention of this disease, and this, it is estimated,

has reduced the loss to (.'.54 per cent among the animals treated. As it

is known that a large percentage of this loss was due to careless ope-

rators, it is believed that with more care in the use of the vaccine

future investigations will show a still further reduction. Vaccine is

still being sent out, and during the fiscal year 545,289 doses were dis-

tributed. The indications are that the contagion gradually dies out

where systematic inoculations are practiced, and it was with the hope

1 A !J 9 4
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of eradicating the disease from many sections that the preparation of

vaccine was undertaken.

TEXAS-FEVER INVESTIGATIONS.

The experiments of the Bureau demonstrated that Northern cattle

might be made immune from Texas fever by inoculating them with

the blood of immune animals. This has recently been adopted and
practiced with most satisfactory results by some of the experiment

stations. The practical application of this discovery is of great

importance both to the breeders of improved stock in the more
Northern States and to the cattle raisers of the infected district, as it

permits the improvement of Southern herds without the discouraging

losses that have heretofore always occurred.

Experiments have been continued with a view of obtaining a mix-

ture in winch cattle from the Texas fever districts may be dipped

for the destruction of the ticks which spread the disease, and which

at the same time will not injure the cattle. This effort has not been

entirely successful, but the progress of the work heretofore leads

to the hope that such a mixture may be found. The difficulty in

finding such a mixture is plain to those who know how tenacious of

life is the tick winch is the carrier of this disease.

Invesl igations in Puerto Rico show that the cattle tick is prevalent

there, but the ticks which were brought from there and placed on

cattle in the United States failed to produce Texas fever. AVhether

this result was accidental or whether these ticks are without infec-

tious properties is a question of great importance. If further inves-

tigations show that the Puerto Rican tick is free from the P37rosoma,

the true contagion of the disease, and that the cattle of Puerto Rico

are susceptible, the introduction of a single animal bearing the Pyro-

soma might convert these comparatively harmless parasites into the

most deadly scourges of the bovine race. This subject will receive

further attention during the current year.

TREATMENT FOR HOG CHOLERA.

The preparation of serum for treating hog cholera and swine plague

has been on a very much larger scale than last year, and the results

are exceedingly satisfactory. The diseased herds in four counties of

Iowa have been under treatment, the results showing a saving of from

75 to 80 per cent of the animals injected, though the final reports are

not all received at this writing. It is evident, however, that this

method of treatment is far in advance of any other heretofore tried.

SHEEP SCAB.

For many years the parasitic disease of sheep popularly called scab

has been quite prevalent, especially among the flocks of some of the
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Western States and Territories. Diseased sheep have been shipped

from one State to another in violation of the law, and the stock yards

and stock ears have been almost continually infected. The result of

this condition lias been that sheep could not be purchased for feeding

purposes in any of tin 1 markets of the country without danger of

bringing to the farm with them the contagion of this disease.

Slice]) seal) has been one of the greatest evils which the sheep in-

dustry has had to contend with. Not only does it always damage and
often destroy the fleece, but it reduces the strength and condition of

ile affected animals so much that they fall an easy prey to internal

parasites or suceumb to unfavorable conditions of food and surround-

ings. Congress has specifically referred to this disease in the appro-

priation act as one of the diseases which the Department is authorized

to control by sanitary regulations.

'Idie first step taken by the Department looking to the limitation

and control of this disease was the issuance of a circular letter noti-

fying transportation companies and shippers of the existence of the

contagion, and pointing out the prohibition of shipment and the pen-

ally provided bylaw. Subsequent to this an order was issued thai dis-

d sheep discovered by the inspectors in the channels of interstate

commerce should be detained and dipped before going on to destina-

tion; also, that sheep purchased in infected yards for feeding should

dipped before they were allowed to go to farms. Theeffectof

these orders was 1o protect the pur< hasersof store sheep and to les b

the number of diseased animals sent to market. It was found, how-

>me of the dips used by the stock yards, companies, and
rs of sheep were not efficacious under the conditions which

in in this service, and that others were so severe or poisonous as

to be dangerous. An order has, consequently, been issued specifying

the kinds of dips which would be recognized and. the manner in which
these should be prepared and applied.

The etl'eet of these measures has been extremely satisfactory, and
the number of diseased shipments received at the principal stock

yards have been very materially decreased. This has been accom-

plished without putting the shippers of healthy sheep to any incon-

venience or expense unless the animals were going to farms from

infected stock yards. The inconvenience of detention and the

expense of dipping have had an excellent effect in lessening the num-
ber of diseased sheep sent to market, and has led to active efforts

ywhere to cure them on the farm or ranch before shipping. The
indications are at this writing that it will soon be possible to make
the stock ears, the central stock yards, and other channels of inter-

state commerce safe and free from infection, in which ease store sheep

could be purchased in the markets without danger of infection, and
only diseased sheep would come under the restrictions.
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EXPERIMENTAL EXPORTS OF DAIRY PRODUCTS.

The experimental exports of dairy products made during the last

two years and now in progress under special provision of law have

produced marked results. But these are not satisfactory in all

respects and the reputation gained needs to be protected by authority

from Congress for some system of export inspection. The new mar-

kets opening for our dairy products require a guaranty of the purity

and quality of butter and cheese sent from the United States, such

as is given by other Governments, and especially Canada.

Not long ago this country supplied and practically controlled the

cheese market of Great Britain. In some years we sent to England
nearly 150,000,000 pounds, or two-thirds of our entire cheese product.

But as no system of export inspection existed to guard the established

reputation, unscrupulous merchants exported great quantities of

inferior, adulterated, and counterfeit cheese, until the reputation of

States cheese was destroyed in England, and that market lost to us.

Canada, on the other hand, adopted a system of government control,

was enabled to guarantee all cheese exported as pure and of standard

quality, and thus secured, and still holds, the desirable British cheese

trade which this country lost. We have recovered a little, but only

a little, of the lost ground. The best cheese now exported from this

country goes through Montreal, seeking the same avenues and the

good company of Canadian cheese, finding a market virtually as a

part of that product.

The same unfortunate result seems likely to follow the efforts to

export fine creamery butter to Great Britain unless measures are

promptly taken to avoid it. An active demand has arisen for this

butter especially in the northern counties of England, supplied from

Manchester, largely through the experimental efforts of this Depart-

ment. During the summer of 1899 an exceptional scarcity of Euro-

pean butter caused very high prices, and British merchants sent

large orders to New York. In the month of August our butter exports

were six times as great as for the same month a year ago. This new
and profitable demand for fine creamery butter had scarcely begun,

however, before large quantities of an inferior article and also of imi-

tation creamery, "process," or renovated butter, began to appear

among the exports.

This article, which is a more dangerous and damaging counterfeit

of fresh creamery butter than straight oleomargarine, was sent to

New York by the carload for export. In at least one instance parties

had renovated butter put up in the West, in the style of package

adopted by this Department in its recent export trials to England,

and this went abroad labeled "Finest American creamery butter."'

The effect of this upon future butter trade with Great Britain will

probably be like that which followed the export of so much unidenti-

fied filled cheese. Already English merchants, who have been trying
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to introduce States creamery butteramong their customers, have writ-

ten to this Department complaining of the deception practiced upon
them.

Out of six large lot> of butter received by one firm at Manchester
from the United States, all represented as "extra creamery" goods,

live were rejected as being far inferior to the quality represented

—

apparently only poor imitations. Meanwhile Canada is forging

ahead, with government supervision and guaranty to assist, and
securing for its creamery butter a firm hold in the British markets.

The lack of some protection by Government certification of exp
from this country is already causing butter shipments by way of Can-

ada, as in the case of cheese, previously mentioned. British mer-

chants state that some of the besl States creamery butter they have
lately seen (as shown by makers' marks) lias been among lots received

from Canada.

I recommend, as a simple and effective remedy for these growing
evils and obstacles in our export trade, that the existing system of

Government inspection and certification of meats and meat products
for export be extended bylaw so as to include butter, cheese, and
condensed milk and. cream. With slight modifications the organ-

ized force and regulations which now give protection and standing
to our meat exports may be made to cover the new work proposed.

The services of an inspector who is an expert in butter and ch

would be necessary for parts of the year at three or four exporting

points; but until these exports increase New York would be the only

place at which such an inspector would have to be continuously

employed.

If such inspection and certification is authorized by Congress, the
pure and unadulterated dairy products of the United States that are

of a quality entitling them to official indorsement can be given a posi-

tion in foreign markets which they can not otherwise secure, and
which will enable them to compete successfully with like products
from any other country.

This inspection of dairy products for export has been indorsed by
nearly all the national and State dairy organizations in this country
and has met with decided approval by commercial bodies and by indi-

vidual exporters wherever it has been duly considered.

DIVISION OF STATISTICS.

INVESTIGATIONS DURING THE YEAR.

The condition of the agricultural industry, as indicated by the area

of land devoted to the cultivation of the principal products of the

soil; the actual volume of production and the value of particular

crops, both on the farm and in the principal markets; the cost of pro-

duction per acre and per unit of quantity and the cost of transporta-

tion; the number and value of farm animals and the losses annually
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resulting from disease and exposure; the volume, condition, and pros-

pects, according to the season of the year, of such of the crops of

sign countries as compete with those of the United States in the

world's markets, have constituted the field of investigation in which
this Division has been engaged during the past year.

STATISTICAL REPORT.

Of the regular periodical reports of the Division there has been
printed a total of 1,021,700 copies. These reports cover that general

work of the Division which is continuous in its operation and which

has constituted for a generation or more the only source of informa-

tion available to the farmer that has been comprehensive, prompt,

and unbiased.

THE CROP-REPORTING SYSTEM.

No change of essential or far-reaching importance has been made
during the year in the methods of collecting agricultural statistics,

but there is a marked improvement in all the different agencies

employed, the monthly reports being more complete, giving evidence

of greater care in their preparation, and generally displaying a more
intelligent conception of the requirements of the Department on the

part of its correspondents.

At the end of the fiscal j
Tear the organization included 41 salaried

State statistical agents j with 8,730 correspondents, upon whose reports

their monthly statements were mainly based; 2,627 county corre-

spondents, with 7,881 aids and 30,426 township correspondents report-

ing each for his own immediate neighborhood. From this large body
of persons—selected with great care, not only as to their geographic

distribution, but also as to their qualifications for the performance of

the duties required of them—reports have been received monthly,

and at the close of the calendar year a select body of farmers, num-
bering about 90,000, reported upon the crops of their own individual

farms. The Department is indebted to numerous transportation

companies for monthly returns of cotton carried over their respective

lines, information which has been of the greatest value in the making
up of its final returns on the production of cotton.

No important change in the crop-reporting system will be recom-

mended until the approaching federal census shall have furnished

the Department with a new and definite statistical basis as to the

distribution of crop areas. The Department's system is based, in the

main, upon a periodic comparison of the acreage devoted to particular

crops with that so used in the preceding year, and it is consequently

not only impossible to make any increase, during the closing years of

an intercensal period, in the number of products reported upon, but it

is difficult, even as regards those which are reported upon, to keep
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exact step with a fluctuating acreage and a constantly varying pro-

duction when tin- cumulative effect of even a small annual error in a

report based on percentages may reach large proportions.

A PUBLICATION FOR CROP CORRESPONDENTS.

Much of the improvement so gratifyingly in evidence in the reports

of correspondents is doubtless attributable to the issue of a new
monthly publication known as "The Crop Reporter," designed for

the exclusive use of tin- Department's crop correspondents. The
i i ssityof compressing into very small space the instructions printed

upon the monthly reports, the marked localization of the area of pro-

duction in the case of not a few of tie- crops reported upon, and the

general lack of uniformity in the agricultural methods and conditions

obtaining in the different sections of the country have alike suggested

the employment of some agency by which correspondents could he

more fully instructed as to their duties and the instructions given
them he better adapted to their various n<

Such an agency has been found in the n^w publication, which lias

i received with many expressions of satisfaction by correspond-
- in every part of tie- country. By anticipating their needs,

interesting them in their work, making intelligible to them the rela-

tion which, as individual correspondents, they hear to one of the

important branches of the work of the Deparl ment, and putting

into their p< a, without t ag upon the province of the

agricultural journals, a great variety of information calculated to

make them better judges of agricultural conditions, and consequently
more valuable correspondents to the Department, "The Crop
Reporter" has 1»- en I he means of great ly improving the crop-reporting

ice, while incidentally reducing the enormous correspondence of

tl"- Division by nearly one-half.

SEED DISTRIBUTION.

COST OF DISTRIBUTION AND FAVORABLE REPORTS RECEIVED.

An appropriation of $130,000 was made by C'ongrc-s for the

purchase and distribution of valuable seeds, etc., during the year

1899. Of this sum, there was expended for the purchase of seeds for

distribution through Members of Congress $70,978.36. For rare and
valuable foreign seeds distributed by the Section of Seed a. ml Plant
Introduction, under the Division of Botany, $20,300.92 was expended;
for the purchase of sugar-beet seed distributed to experiment stations

and individuals. $2,366; for seeds and hulhs distributed to Members
of Congress through the Division of Gardens and Grounds, §3,400,

and for seeds distributed for special investigation by individuals in

the several States. $3,000. There was paid for salaries of employees
connected with the seed distribution $25,912.98, and for miscellaneous
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supplies in connection with the work, $221.85. There are some out-

standing- vouchers for freights, etc., not yet adjusted.

The contractor was required to provide a building within the City

of Washington in which to pack the seeds, and samples were tested

hy the Division of Botany for purity and germination. The high

quality of the seed now being sent out by the Department is scarcely

equaled by any of the distributing agencies of the United States.

Of 979 letters received regarding the seed distributed, 972 report

favorably upon the quality.

AIM OF THE DEPARTMENT IN THE DISTRIBUTION OF SEED.

The original intention of Congress in providing for the distribution

of seed undoubtedly was to do for the producers a class of work they

could not do for themselves—to search the various localities of the

Old World for seeds and plants, and distribute them in the United

States to the several regions where they would be most likely to suc-

ceed. The Department at present is endeavoring to bring back the

practice, as much as possible, to the original intention of Congress.

Quite a large percentage of the $130,000 appropriated is now spent in

finding, purchasing, importing, and distributing rare seeds and plants.

The Department is in receipt of letters from seedsmen throughout

the country urging the discontinuance of this work, and there is an

uneducated sentiment here and there cooperating with the seedsmen

along this line, which prompts ill-informed individuals to concur with

these representations. I am well satisfied that the introduction and

distribution during the last two years of seeds and plants rare or not

found at all in the United States has been worth more money to the

people of the country than all the expenditures of Congress for seed

distribution to date. To the extent to which the distribution by the

Department competes with the sales of seedsmen and others distribu-

ting precisely the same kinds of seed, with no experimental feature

and no intelligent direction regarding the use of the seeds beyond
that .vhich is provided by dealers, the practice is questionable.

But the furnishing to the people of the United States of sugar-beet

seed of the most approved quality, for experimentation, to ascertain

where beets can be grown sweet enough to produce our own sugar, is

justifiable; the introduction of drought and rust-resisting grains from

foreign countries, which are urgently needed by people in the United

States who are losing heavily from drought and rust, is justifiable; the

rehabilitation of the Western ranges that have been destroyed and

in many cases reduced to desert conditions by injudicious grazing, is

justifiable; the encouragement of tea growing in the States along the

Gulf of Mexico, where labor is as plenty and as idle as anywhere in

the world, is justifiable; the inquiry into the several plants that pro-

duce rubber, the gathering of the seed of these plants, their germina-

tion and preparation for setting out in such localities in the new
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island possessions of the United States Government as may be best

an ited for producing the 130,000,000 worth of rubber now purchased
from foreign countries, is justifiable; the introduction of the date

palm from Tripoli in Arizona, establishing a new industry in that

region which may extend to other localities in the same latitude, is

justifiable. The introduction of these and many other seeds and
plants, entirely beyond the ability of private individuals to compass,

in order that such seeds ami plants may eventually enter the com-
mercial class and be handled by seedsmen, is the aim of the Depart-

ment of Agriculture in seed distribution at the present time.

SUGAR BEETS.

During the hist three years extensive experimentation has been

had in cooperation with most of the States of the Union to ascertain

where sugar beets can be produced sufficiently sweet to justify exten-

sive growing and manufacturing. It iias been fairly well demon-
strated that many States have soil and climate, fuel, water, and
limestone admirably adapted for this industry. Thirty-two factories

are now in operation and many more in contemplation. There is

every indication that the United States will produce its own sugar
within a few years. Tin- rich valleys of the mountain and Pacific

coast States find sugar making very profitable. It is being demon-
strated that the rich cornfields of the Northern states are also admir-
ably adapted to the- growth of the sugar beet. This industry will

eventually be more profitable where the by-product is fed to the dairy
cow ami other domestic animals. The Department publishes annu-
ally a report setting forth all the fads in relation to this industry and
the latest developments of interest to producers.

THE MARKET FOR AMERICAN HORSES.

Within the last two years horses have greatly appreciated in value
and exports have rapidly increase d. The Department issues annually
a revised report, giving horse raisers facts regarding exports, as well

as the requirements ami demands of foreign countries for horses for

different purposes.

DOMESTIC TEA PRODUCTION.

EXPERIMENTS AT sCM-MEUVILLE, S. C.

An interesting experiment is being conducted at Summerville, S. C,
in the production of tea. Three thousand six hundred pounds of

dry tea were produced during the past season. Dr. Shepard, a gen-

tleman of education and enterprise, who owns the garden, has over-

come the difficulties arising along labor lines by building a school-

house for the education of the children of his colored neighbors, where
they are taught free of expense, with the understanding that they shall
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pick his tea when required, at a reasonable rate of wages. This class

of labor in the South is very plenty and very idle. The elementary

education and habits of industry acquired must have a good effect

from every standpoint from which the best interests of these people

can be considered. If a new industry of this kind can be introduced

into the Gulf Slates, which will save the people of the United States

the many millions of dollars now sent abroad for the purchase of this

commodity, and at the same time provide light work for the young
people who are now entirely idle, there is a double incentive to make

sarch to the utmost regarding the production of a commodity in

such universal use.

INVESTIGATIONS TO BE CONDUCTED.

Congress at its last session appropriated $1,000 to enable the

Department to conduct experimentation in tea growing. While the

average rainfall at Summerville ranges between 50 and 00 inches,

there are times when the rain does not fall for considerable periods.

Experimentation is now being arranged for to ascertain whether by
irrigation a more continuous growth can be maintained and more
frequent picking of the leaves be had. Arrangements are also being

made to experiment in the manufacture of green tea without the

use of chemicals. The Department of Agriculture has a sufficient

number of plants growing in pots to start experimental tea gardens in

all the Gulf States from Florida to Texas, and including California.

Efforts are being made to induce the experiment stations in those

States to cooperate with the Department in conducting these experi-

ments.

Experiments in South Carolina have shown that the production of

200 pounds of dry tea per acre is readily obtainable under favorable

conditions, with a probability of double or perhaps treble that amount
when the plants have arrived at full bearing. It is desirable to

ascertain the limit of productiveness under all the varying conditions

of surface, soil, and seed varieties. It is gratifying to note that the

yield per acre has steadily advanced, in spite of all hindrances, from

50 to 150 pounds per annum per acre for the whole of the older tea

gardens at Summerville within the past few years. The best varieties

from all the countries of the Orient are being experimented with,

and efforts will be made to add promising new varieties, both by
importation and by hybridization. Experimentation of this nature is

beyond the capacity of men of moderate means, and I am of opinion

that it is entirely justifiable that Congress, through the Department
of Agriculture, should assist in demonstrating the probability of

raising tea in the United States, for home consumption at least.

It will be necessary as the work progresses to employ professional

tea tasters of wide experience to indicate the value of the several

varieties being experimented with. A higher valuation per pound
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may offset a lesser production. Experimentation in shading from the

direct rays of the sun is very encouraging. The leaf thus produced

was lender, very lustrous, and made a very delicate tea. The means
of manufacturing must of necessity be increased, and the testing of

new machinery as regards cheapness of work and thoroughness of

execution provided for. It is desirable to study carefully the compo-
i of tea made from the same bushes at different times during the

picking season, to analyze the product in this country of gardens

raised on soil from widely separated sources, and to test the effect on
tea of dii'ferent sorts of manure. This is a large and expensive kind

of experimentation, requiring special chemical apparatus and unusual

nicety and skill.

LEASING THE PUBLIC LANDS.

CONDITION OP THE RAN<

I have looked carefully into the condition of the ranges in mosl of

the States west <>f the ."Missouri River. The Department of Agri-

culture has been conducting experiments in most of these S1

with native and imported grasses through the experiment stations,

private individuals, and sometimes directly under the management
of its own officers. Injudicious grazing has greatly impaired the

capacity of the ranges to produce meats. Careful inquiry shows
that in many cases the ranges do not support more than half the

meat-bearing animals they did ten years ago. The ranges have been

overstocked, the grasses have been eaten bare and pulled out by the

roots, and where formerly nutritious grass supported a large number
of animals, there is now left nothing but a desert of drifting sand.

The principal reason for this condition of the ranges undoubtedly
is that no single individual has an interest in any one pari of the

public domain. The objeel of the flock master is to secure all the
s possible, i tive of the effect it may have on the future

condition of the pasture. Thousands oi' slice}) thai can no1 find graz-

ing on the plains are being taken into the innermost recesses of the

mountain systems.

LEASING As A MEANS OP IMPROVEMENT.

It would seem wise to inaugurate a more sensible policy regarding

these public grazing lands. They should be rented to individuals in

sufficiently large areas and for a sufficiently long time to induce the
lessee to give attention to their improvement. The title should
remain in the United Stales, so that the homesteader might have an
opportunity, under such conditions as would not interfere with the

r nting, to make settlement wherever practicable. The renls arising

from these leases might very well be given to the States for such
u es as they might deem wise, either for educational purposes or for

irrigation work. A very considerable amount of money would come
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every year from these leases, with which the States could begin experi-

mentation in the way of building- dams and holding the water against

a time of need. My main object in making this recommendation is

that the lessee and the Department of Agriculture may enter into

cooperative experimentation looking to the improvement of the graz-

ing lands.

EFFORTS TO SECURE PLANTS FOR SEMIARID REGIONS.

There are millions of acres that can not be cultivated in any crops

with which we are now familiar. The Department of Agriculture is

searching the dry areas of the world for plants that may be successful

in furnishing the materials of food to a greater ex-tent than is now
practicable on our semiarid regions. The introduction of sorghum,

Kafir corn, dry-land alfalfa, the Russian brome grasses, etc., is ena-

bling the farmers of the States west of the Missouri to extend cultiva-

tion over lands that did not succeed in corn, or oats, or clover.

ABANDONED FARMS.

My attention has been called to what is known as the abandoned

farms of New England. A personal inspection of some of these

farms shows that they are not abandoned on account of sterility of

soil, but are in many cases capable of affording a good living to indus-

trious farmers, and under more favorable auspices than are farms

in some of our newer States, on account of nearness to market, edu-

cational institutions, and other desirable environments. The Agros-

tologist of the Department has visited several of these farms to

ascertain in what way help can be given by the introduction of grasses

suitable to their various conditions, and the Soil Physicist will study

conditions on these farms and indicate which soils may be profitably

cultivated and which should be devoted to forestry. The Forester

will also visit these localities and determine what varieties of trees

are most desirable. The Department will endeavor to have Farmers'

Bulletins prepared along these several lines for distribution among

the farmers of New England.

TROPICAL IMPORTS.

Our imports of tropical-plant products have a value of about

$200,000,000 a year. Nearly all of these could be produced in Puerto

Rico, Hawaii, and the Philippines if the best use were made of the

agricultural possibilities of these islands, and of American industry,

ingenuity, and financial resources. Our tropical-plant imports are

four times as great as the total exports of Hawaii, Puerto Rico, and the

Philippines. For coffee and sugar we pay an amount exceeding by

more than $80,000,000 the agricultural and all oilier exports of these

islands. Omitting sugar and tobacco, our tropical-plant imports still
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greatly exceed the total agricultural exports of these tropical depend-

encies. Our imports of oranges, lemons, and cocoanuts have about

the same value as the sugar and tobacco exports of Puerto Rico, and
could readily be produced on that island.

There are several staple agricultural imports of the United States

other than oranges, lemons, and cocoanuts to which attention should

scially be called as worthy o( consideration for introduction into

Puerto Rico, such as vanilla, our imports of which vary in value from

$279,755 to $1,013,608 per year; gutta-percha and india rubber, about

000, and cacao, $5,000,000. The improvement and extension

of coffee culture in Puerto Rico is well worth careful investigation and
encouragement, since our total coffee imports in 1898 amounted to

067,631. There is every reason to believe that a portion of our

banana imports, which during the year 1899 reached a value of

65,588, amy to good advantage be grown in Puerto Rico.

INDIA RUBBER.

Q£PORTAN< E OF THE TRADE.

The india-rubber trade is of great importance to the United States

aid lias shown a rapid increase during the lasl few years. For the

fiscal year ended June 30, L890, the total importations of crude rub-

ber amounted to 33,842,374 pounds, valued at $1 t,854,512, while that

of manufactured rubber was valued at $367,647. In the fiscal year

1898 tin 1 imports of crude rubber and gutta-percha amounted to

4G,055,4H7 pounds, valued at $25,386,010, while that of manufactured
articles and waste or scrap rubber was 9,488,327 pounds, worth

5,951. This shows not only a decided increase in the quantity

imported, but also a. rapid rise in price. In 1890 aboul two-thirds of

the cut ire amount imported came from Brazil. In 1898 about three-

fifths came from that country.

A recent United States consular report shows that the importations

into England for L898 amounted to 20,026 tons, about half of this

being Brazilian. New fine Para rubber was quoted at New York
from 66 to 69 cents per pound in 1893, 69 to 71 cents per pound in

1894, 73 to 77 cents in 1895, 74 to 88 cents in 189G, 80 to 87 cents in

1897, and 82 to s:; cents January 1. 1898. A single cargo of rubber,

consisting of 1,167 tons, shipped from Para February -'), 1898, was
valued at $2,210,000 in United States gold. The exports of rubber
from Brazil in 1898 amounted to $38, -100,000 gold.

COLLECTION AND TREATMENT AND SOURCES OF SUPPLY.

Rubber is derived from the milky sap of a number of trees and
shrubs, all native to the tropical regions of South America and the

Old World. There are many plants with milky sap which contain

small quantities of rubber, but none are known which produce it in

commercial quantities anywhere outside of the Tropics. The methods
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of collection and treatment of rubber arc, in the main, very crude.

There is a great deal of waste and considerable deterioration through

improper methods of treatment 121 the Held and in transit, and through

impurities. The only successful experiments at cultivating rubber

plants which have thus far been made were undertaken by the English

Government in Ceylon, India, and some of the other tropical colonies.

By following the most improved methods of cultivation and by giving

ii!>!: ]• plantations the same careful attention which is devoted to

other crops, it appears possible to make this an exceedingly profitable

investment.

The larger part of the Brazilian rubber is produced by the Para

rubber tree, Hevea brasiliensis, which grows naturally in the deep

shade of the swampy forests of the Amazon, where the air is fever-

laden and the land is unsuited for human habitation. Experiments

have been made with this tree in various of the British possessions

in the East Indies, but without any marked degree of success, because

the tree attains its full development only in the shade of dense trop-

ical jungle lands and not in the solid plantations. Its successful

handling appears to lie in the direction of a proper system of forest

management. The Central American rubber tree, CastiUoa elastica,

grows only in the dense tropical forests from southern Mexico to

northern South America, on rich, well-drained bottom lands along the

rivers. This tree has been found to grow luxuriantly under cultiva-

tion, but in the experiments thus far tried it develops a bark much
thicker than in its native state, and this has been found a decided

drawback to the successful drawing of the sap.

The Ceara rubber tree, Manihot glaziovii, is a native of one of the

driest portions of southern Brazil, where the mean temperature ranges

from 77° to 80° F. There are now many plantations of it in India

and Ceylon, and it is probable that this tree will be the first to pro-

duce an important addition to the natural supply of india rubber.

There are fifty or more species of trees, vines, and shrubs which are

a commercial source of india rubber and gutta-percha, and the list is

annually increasing. Experiments should be tried in the cultivation

of every one of them. Gutta-percha is derived almost entirely from

the tree Isonandra gutta, a native of the islands of the Malayan
Archipelago. The careless methods of the collectors have resulted in

killing off most of the plants from which this substance is derived, so

that a serious shortage lias occurred during the last few years. The
feasibility of cultivating this plant in the Philippines should be very

carefully investigated.

TURKESTAN ALFALFA.

The, unusually severe winter of 1898-90 killed off probably half of

the alfalfa of western Kansas, Nebraska, Colorado, and Wyoming,
and many fields in the central prairie States to the eastward were
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badly damaged, but the Turkestan alfalfa grown in tbe States men-
tioned was not affected. At the Wyoming experiment station a plat

of Turkestan alfalfa was exposed for two weeks without injury to a

daily temperature of — 35° F., the lowest point reached being- — 45°.

In California il was subjected without damage to a drought which
seriously injured ordinary alfalfa. In view of the notable success,

of this plant in withstanding drought and cold, it has been decided
to purchase a large amount of seed grown in America from our

imported stock and to distribute it widely over the arid West until

it has been thoroughly tested under all the different climatic and soil

conditions existing in that region. From the results already secured,

il is believed that this one introduction will add millions of dollars to

the annual hay product of the United states.

INTRODUCTION OF IMPROVED RICE.

About fifteen years ago the enterprising farmers of southwestern

Louisiana began to adapt modern machinery to use in their rice fields,

and within a decade they had replaced the antique implements of the

hand laborer 1>\ the gang plow, disk harrow, drill, and. broadcast

ler; they had insured sufficient water by the construction of irri-

ii canals; and, finally, they had adapted the twine binder of

Northern wheat lie!. Is to the cutting of rice. So far as methods were

concerned, they had created a new system of rice culture which
greatly reduced the cost of rice production. It was discovered, how-
ever, thai sufficient attention had not been paid to the question of

varieties. The Louisiana rice, when milled, gave a high percentage
of broken grains, and much of it brought, therefore, only a second-

- price.

To remedy this difficulty the Department of Agriculture undertook
to secure a productive rice of high milling quality. This it lias suc-

eeeded in doing by importing, after a careful search in Japan, a quan-
tity of Kiushu rice. In yield this rice has proved a distinct success,

and if, as is expected, it maintains in Louisiana the high milling aver-

age that it possessed in Japan, hundreds of thousands of dollars will

be added to the yearly profits of Louisiana rice growers.

In this connection, ii may be said that flattering reports have been
received about many of the other introductions of the Department,
and from time to time, when these reports are amply substantiated,

dim commendation of these crops will be made to the agricultural

public.

NATIVE DRUGS.

The collection of native drug plants in the United States, consid-

ered from a purely financial standpoint, aside from medical and
humanitarian aspects, involves the expenditure of millions of dollars

annually. The commercial extermination of some of the most useful

species is already threatened, and doubtless others would be fouud
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in the same condition were the facts known. The price of one native

plant, ginseng, our exports of which average more than half a million

dollars annually, has more than quadrupled in the past thirty years,

so that its cultivation, as urged four years ago bj7 this Department,

has now become profitable. It is clear from this and many similar

cases that the native drug industry is capable of either decline or

improvement, according to the way in which we handle it.

The Pan-American Medical Congress has recently submitted to me
a proposition to cooperate with this Department in a technical and
statistical investigation and classification of our native drug plants.

By accepting this proposal we shall secure, in a research of which we
have long felt the need, the cordial assistance and support of an
influential association of learned physicians; we shall encourage each
of the other American nations, all of which are represented in the

Pan-American Medical Congress, to proceed with a similar investiga-

tion of their own medical flora; we shall furnish a basis for the

remunerative employment of much land and many people, and we
shall stimulate the great and growing trade in drugs between the

countries of North America and South America. I urge the appro-

priation of $10,000 to enable this Department to cooperate in this

investigation.
HEMP.

Our imports of hemp fiber for the past five years have averaged in

value $078,475 annually, coming chiefly from Italy and southern Rus-
sia. This hemp is worth about 7 cents per pound and is used princi-

pally in the manufacture of carpet warps. In addition, we import an
unknown but doubtless large amount of manufactured hemp in the

form of the cheaper grades of linen. The domestic product of hemp
reported by the last census, at a valuation of 3 cents per pound, was
worth 8000,(360 and was grown chiefly in Kentucky. This hemp is

used principally in place of jute butts for cordage purposes. The
Kentucky hemp producers grow a short plant in small areas with

shallow plowing and little or no fertilizing. The crop is reaped and
broken by hand, and the fiber is extracted by the process of dew ret-

ting. In addition to these heavy charges, an annual rental, averaging

probably 810 per acre, is ordinarily paid for the land. There is a

reasonable prospect of establishing an extensive hemp industry in the

United States on new lines, involving the use of either a taller variety

or two crops of the short variety, growing the crop on large areas of

cheap land, plowing deep, putting on the necessary fertilizers, reap-

ing and breaking by machinery, and using the process of water
retting.

EGYPTIAN COTTON.

The importation of cotton from Egypt steadily increased from less

than 200,000 pounds in 1884 to more than 43,000,000 pounds in 1896.

Since the latter date, the direct importations from Egypt have fallen
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off slightly, but fche prices have had an upward tendency, and the

demand.for this staple remains good at from 4 to 6 cents higher than

the price of ordinary American upland cotton. Our annual import

of cotton from Egypt for tin 1 past three years has averaged in value

$3,738,338. The Egyptian cotton lias a very fine silky fiber, generally

shorter than thai of sea island but longer than that of upland varie-

ties. It is used in the manufacture of fine yarns for the finer quali-

ties of hosiery and knil goods. 11 does not come into direct competi-

tion with our upland cotton, the fiber of which is too coarse for the

finer yarns. Some attempts have been made to grow Egyptian cotton

in this country, and in 1894 the Department imported and distributed

a stock of Egyptian seeds. The experiments with these have shown
promising results, but there is need of further trial to determine the

exact conditions under which tins cotton can be grown to best advan-

tage. There is good ground for hope that with proper management
the industry may become well established in the United States.

NEW LABORATORY BUILDINGS.

The Department of Agriculture is now conducting all of its labora-

tory work in rented buildings located outside of the Department

grounds. These buildings are for the mosl part mere makeshifts,

consisting of dwelling houses remodeled to permit laboratory work.

Some of them are overcrowded and none are fireproof. There are

five <>f these buildings which, with rent ami other expenses, cost t lie

Department about $10,000 a year. The work carried on by the labo-

ratories is of the highest importance, Including the investigations of

the Bureau of Animal [ndustry, the Division of Chemistry, the Divi-

sion of Vegetable Physiology and Pathology, the Division of Soils,

ami the Division of Botany. -Much of the material now in use by

these branches of the Department, as well as that being constantly

accumulated by them, is of great value, and it would be impossible

to replace it in case of loss by fire. It is absolutely necessary that

better facilities be secured for this scientific work, either by the rent

of additional buildings or by the election of a Government building.

As best adapted to our necessities, plans have been prepared for

suitable buildings to be erected upon the Department grounds. The
plans show structures which are fireproof throughout, and which are

arranged so that the several lines of work can be kept as distinct as

may be required by their nature, and at the same time the build-

ings be heated, lighted, and ventilated from one central plant. The
several laboratories are now occupying, approximately, 35,000 square

feet of floor space, and the new buildings provide about 10 per cent

increase over this to allow for future growth. Careful estimates

show that the buildings as planned will cost, approximately, $200,000.

I therefore earnestly recommend that this amount be appropriated,

1 A 99 5
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as it will not only be a saving of money to the Government, but will

at. the same time furnish facilities commensurate with the importance

of the work
A PROPOSED ARBORETUM.

One of the needs of the Department is an arboretum in which can

be brought together for study all the trees that will grow in the cli-

mate of Washington, D. C. The need of such an establishment was felt

early in the history of the Capital, and was brought forward more than

fifty years ago among the various plans proposed for the use of the

Smithson bequest, which was finally devoted to the founding of the

present Smithsonian Institution. In the report of the building^com-

mittee of that institution for 1850 the following statement occurs:

Mr. Downing, the well-known writer on rural architecture, at the request of

the President, is now preparing a plan for converting the whole Mall, including

the Smithsonian grounds, into an extended landscape garden, to be traversed in

different directions by graveled walks and carriage drives and planted with

specimens, properly labeled, of all the varieties of trees and shrubs which will

nourish in this climate.

This admirable plan, apparently from lack of financial support

from Congress, was never systematically prosecuted, and the plant-

ings at lirst made were so neglected that the nurse trees crowded oat

and killed most of the valuable sorts, and even the nurse trees them-

selves are now being rapidly broken down and destroyed by storms,

disease, and decay. When the grounds of the Department of Agri-

culture were laid out in 1868, Mr. William Saunders, then, as now,

Horticulturist of the Department, established a small arboretum

commensurate with the size of the grounds. An arboretum in this

climate, however, requires an area of several hundred acres. The time

hascome when the economic needs of the Department and the education

and pleasure of the people demand a rich collection of trees planted

so as to secure the best effects of landscape art, furnishing complete

material for the investigations of the Department of Agriculture, and

so managed as to be a perennial means of botanical education. We
are now engaged in introducing useful trees from all parts of the

world, such as those producing fruits, dyes, nuts, oils, and tans, those

useful for ornamental purposes, and especially those promising shade,

shelter, and fuel in the arid region. At the present time we have no

centra] place in which to plant and maintain a series of these trees

for study ami propagation. The importations must be sent out as

fast as they are received, without an opportunity for our investigators

1) make any observations on their behavior under cultivation, and, in

the ease of small and valuable importations, subjecting the whole

Stock to the possibility -Of total loss. In view of these condit ions, I

wish to bring to the attention ©f Congress the importance of placing

at the disposal of this Department an area ol' suitable size and situa-

tion for a comprehensive arboretum. In order to give a specific basis
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for consideration of tins project, I suggest that the area knownas the

Mall be set asi«l<> for this purpoe

AGRICULTURAL EDUCATION.

NECESSITY OF AGRICULTURAL TEACHING IN [NSTITUTIONS OF
LEARNING.

Thegreal prosperity of the country at the present time has resulted,

among other things, in a largely increased attendance upon oar uni-

sities, colleges, and other institutions of learning. When we con-

sider that half the people of the United States are occupied in pro-

ducing from the soil directly; that about three-fourths of our exports

to foreign countries come from the soil, and that i

balance of train- eoming to the United Stales during each of the last

two fiscal years have been, to a great extent, the price of farm prod-

ucts, it is somewhat remarkable that so very little attention i> given

to the education, of half the people of the nation and their prepara-

tion for their future life work.

The beautiful valleys of the mountain ami Pacific-<

being injured to a considerable extent by th" injudicious use of irri-

gating waters. The pasture lands of the public domain west of the

Missouri River are being rapidly destroyed by injudicious g

The wheat-growing area of the country, where crops are grown con-

tinuously, are refusing to yield as they did when first brought u

cultivation; and from the Dakotas to the Pacific we find systems of

fallowing in operation and crops of wheat being taken once in two

years, indicating the rapid destruction of the plant food in tin- soil.

SCIENTIFIC TRAINING IN THE DEPARTMENT.

The people cry aloud to this Department for help. We have gone
ateilly but in vain to the Civil Service Commission and had

them advert ise throughout the country for soil physicists in ord< r that,

we might cooperate with the people regarding the deterioration of

their soils. All the older sections of the United States have injured

their soils by injudicious management. A knowledge of plants—
their life history, the diseases to which they are subject, their r

tions to the soil, the climate, and food necessary to their best devel-

opment— is so scarce among us that plant physiologists and patholo-

gists can not be found by advertising for them.

Animal husbandry is very little understood, and in most of the edu-

cational institutions of the country sufficient instruction is not being

given to have it better understood, yet from this source we make our
most profitable sales to foreign countries. The Biological Survey and
other Divisions have also to train the men to do their work. When
the Department requires the assistance of men educated along these

lines it is necessary to educate them in its own scientific Divisions,

under the direction of its own scientists. When it has trained such
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men until they become expert and stand at the head of their special-

ties in the United States (and in many cases in the world), then

wealthy institutions take them away by offering higher salaries, inter-

fering with the work of the Department, along the lines mentioned,

which is so necessary to the producers of the United States.

REGISTER OF GRADUATES OF LAND-GRANT COLLEGES.

To meet some of these difficulties and avoid in future their fre-

quent recurrence, I have arranged with the Civil Service Commission

to make a register of the graduates of the land-grant colleges of the

United States (those endowed by Congress to educate the young

farmers of the country). From this registration the scientific Divi-

sions of the Department select young men who will assist the Division

scientists in their work, and have opportunities for post-graduate

study and for better preparing themselves along the lines of applied

science, whereby the producer is helped by the scholar. We pay

these young men no more than we pay a laborer, and much of the

work they will perform in the Divisions could be performed b}T skilled

laborers.

Slight inquiry into education along the lines of agricultural science

will show that there is no university in the land where the graduate

of an agricultural college who has been studying along the lines

indicated can take post-graduate work. The scientific Divisions of

the Department of Agriculture come nearer furnishing the necessary

facilities than can be found elsewhere. If two or three young men
come to each of our scientific Divisions and study along the lines of

the application of science to production in the field, the stable, and

the farm factory, the Department will in a few years have a force

from which it can not only fill vacancies when wealthy institutions

take away trained men, but be able to supply the agricultural col-

leges, experiment stations, and other scientific institutions in the land

with men of superior scientific attainments in these branches.

EFFORTS OF THE DEPARTMENT TO MEET THE DEMANDS FOR HELP.

By this new departure the Department is merely arranging to meet

the imperative demands of the producers of the country for help to

solve the problems that are beyond their education and their means.

The Congress of the United States, in providing for the endowment

of agricultural colleges and experiment stations, did more for the agri-

culture of the country than has been done by governmental agency

for the people of any other nation. Congress could not endow these

institutions with teachers trained in the applied sciences relating to

the farm, but Congress has built up the Department of Agriculture

and encouraged the development of the foremost scientists known in

their several specialties. The step we have taken toward bringing

the brightest students of the agricultural colleges to prosecute their
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stud it-s under the supervision of scientists in this Department is one

Btep necessary to complete the educational system.

Something no doubt remains to be done at the other end of the

educational line. The education of the young farmer in the district

and high schools should be such as to help him toward the agricul-

tural college. The other educational institutions of the country have

done their work well, but so abundantly that the college graduate

upon leaving college is not sure of employment that will give the

salary of a brakeman on the railroad. Only a very few of those who
upon leaving college must earn their livelihood through their literary

education are sure of incomes equal to that of a locomotive engineer.

The great unexplored field for the educator is along agricultural

lines. Half the people of the United states are interested in it. The
prosperity of our country as a nation among nations depends upon it.

I hope to have the approval of Congress in this effort to provide

for the higher education of the graduates of the agricultural colleges

by approprial ions sufficiently considerate to just ify the very moderate

expense that will be entailed.

AGRICULTURAL TEACHING IX THE COMMON SCHOOLS.

In my last Annual Report, I referred to the growing interest in

elementary instruction in the sciences that relate to agriculture, and
mentioned the special appropriation of $25,000 made by the State of

New York l.i he used in aiding the introduction of nature teaching

into the common Schools and the carrying on of simple agricultural

experiments in different parts of the State under the supervision of

the college of agriculture of Cornell University. Encouraging prog-

ress has been made during the year in this movement. The work at

Cornell has been materially extended, and colleges in oilier States are

affording opportunities for teachers in the common schools to receive

such special instruction as will lit them to give elementary courses in

nature study. In Missouri a recently enacted law calls for instruction

in agriculture and horticulture in the common schools, and during

the past summer a considerable number of Missouri school superin-

tendents and teachers spent some time in attending lectures and
formulating elementary courses of instruction in these studies.

CONCLUSION.

The Department, through its Bureaus, Divisions, and Offices, is

getting into more immediate contact with all classes of producers

throughout the country. More extensive cooperation is being entered

into between the Department and the experiment stations of the sev-

eral States. Especial attention is being given to the reclamation of

soils that have been reduced in fertility bjr injudicious manage-
ment. Production from the soil in all parts of the United States

is being diversified by importations from foreign countries. The
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scientist and the cultivator are working together for greater national

prosperity through more economic production. The farmers of the

country are having their knowledge increased through the publica-

tions of the Department and the experiment stations, and the future

fillers of the soil are being better educated in the agricultural colleger-

as teachers are developed who more thoroughty understand the appli-

cation of science to practical agriculture. The field of operations for

the future activity of the farmer is from the Arctic Circle to the

Equator. New problems, requiring scientific investigation and entirely

beyond the abilit}^ of localities or private individuals to solve,

are presented from both extremes. The especial attention of the

Department in the future will be given to the production, undei

United States jurisdiction, of products of the soil that now come from

foreign countries, keeping steadily in view the object for which the

Department was organized—the help of the producer who is strug-

gling with nature.

Respect fully submitted.
James Wilson,

Secretary.

Washington, D. CL, November 21, 1899.



WORK OF THE METEOROLOGIST FOR THE BENEFIT OF
AGRICULTURE, COMMERCE, AND NAVIGATION.

By F. H. Bigelow.

P)'ofesso>- of Meteorology, Weather Bur

INTRODUCTION.

A consideration of the development of meteorological science in the

United States, especially in its practical application bo agriculture,

commerce, and navigation, involves mainly a review <>!' the Tinted

States Weather Bureau and its work. Nol only, as will be shown, is

the study of meteorology largely confined in this country to its pro-

fessors and o1 her employees, I mt the application of the results obtained

tie service of the farmer, the shipper, and the navigator, is and lias

been for years exclusively the province of the Bureau. Necessarily,

therefore, a large pari of the present paper must be devoted bo a

history of the Weather Bureau and an account of iis workings.

THE ORGANIC LAWS ESTABLISHING THE W'HATli ICE.

The Weather Bureau of the CTnited Stales has reached M

development under three organic laws. The joint resolution approved

February 9, 1870, is as follows:

Be it resolved by the S< nate and House of Reprt sentativi s of the 1
rniU <

'

Ann ricn in Congress assembled, That the Secretary of War be. and he hereby is,

authorized an i required to provide for taking meteorological obs rvations at the

military stations in the interior of the continent and at other points in the States

and Territories of the Untied States, and for giving notice on the northern lakes

and on the tic telegraph and marine signals, of the approach and
force of storms.

In compliance with the appropriation bill of 1871, reports relative

to the stages of water in the rivers were added to the above. The
appropriation bill apprpved June 10, 1^72, provided:

F<n- e vp^nses of storm signals announcing the probable approach and force of

storms throughout the United States, for the benefit of commerce and agriculture:

and that the Secretary of War be. and hereby is. authori ed and required to pro-

vide, in the system of observations and reports in charge of the Chief Signal Officer

for such stations, reports and signals as may be found necessary for the benefit

of agriculture and commercial interests.

In tlie act transferring the meteorological work of the Signal Office

to the Weather Bureau of the Department of Agriculture, approved
October 1, 1890, the duties of the service are thus summarized:

The chief of the Weather Bureau shall have charge of forecasting the weather;
the issue of storm warnings: the display of weather and flood signals for the bene-

fit of agriculture, commerce, and navigation; the gauging and reporting of rivers;

71
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the maintenance and operation of seacoast telegraph lines and the collection and
transmission of murine intelligence for the benefit of commerce and navigation:

the reporting of temperature and rainfall conditions for the cotton interests; the

display of frost and cold-wave signals; the distribution of meteorological infor-

mation in the interest of agriculture and commerce, and the taking of such mete-

orological observations as may be necessary to establish and record the climatic

conditions of the United States, or as are essential for the proper execution of the

foregoing duties.

THE THREE EPOCHS OF METEOROLOGICAL SERVICE.

The acts of Congress indicate that the meteorological service of the

United States lias passed through three distinct epochs, each of which

lias been natural in the practical development of this branch of

science. The laws are in fact but the crystallized expression of the

outcome of years of experience on the part of those interested in

meteorology. Thus, the laws of 1871 and 1872 mark the end of a long

agitation, the purpose of which was to persuade Congress that fore-

casts of the weather were practicable in the United States and that an
organized systematic effort to give the public due warning of the

approach of storms was worth a trial. The organization of this service

was intrusted to the Signal Service of the War Department. At first

the service was for the benefit of navigation on the seacoast and on
the Great Lakes, but it was soon extended so as to include the interior

districts and the great rivers of the central valleys.

The experience incident upon the gradual extension of the service

soon showed that it would be necessary to include the regions adja-

cent to the United States in order to secure the most efficient forecasts

of the weather, especially the Dominion of Canada, along our northern

border, for the cyclones; the West Indies, to the south and southeast,

for the hurricanes, and also Mexico and even Alaska for other local

effects. The benefits of the weather service were readily appreciated

by nearly every indnstry and every department of our complex civili-

zation. Climate and crop conditions were demanded for the farmer,

and observations and warnings for the public and for railroad and
water carriers. Hence, it soon became necessary to enlarge the scope

of the service so as to include agriculture and commerce as well as

navigation, and to extend the sphere of the meteorologist to cover the

study not only of the dynamics and motions of the atmosphere, but of

climatology (the prevailing temperature and rainfall), together with

their effects upon human life. This great enlargement of the original

idea regarding the scope of the work gradually produced an environ-

ment which became less suited to the duties inherent in the purely

military service that had so successfully fostered this very growth

through twenty years, till at length it was concluded that a more

strictly scientific bureau could better cany on the work. Accordingly,

the second epoch came to an end on July 1, 1891, when the Signal

Service of the War Department was relieved of its meteorological
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duties and the Weather Bureau of the Department of Agriculture
was organized and charged with the future of meteorology in the

United States.

In the latter administrative department of the Government the

civilian and scientific methods predominate, though it must be said

that the spirit of subordination inherited from the Army discipline

still continues, and tends to make the organization of the Weather
Bureau more efficient and homogeneous than it otherwise could be.

A detailed review of the incidents connected with these changes in

the service, both on the practical and on the theoretical sides, involves

Buch a multitude of facts as to be quite incompatible with any brevity,

if treated fully; hence, only a summary description of the service can

be attempted here.

PRELIMINARY HISTORICAL SKETCH OF METEOROLOGY.

AMERICAN CONTRIBUTORS To METEOROLOGY PRIOR TO 1870.

During the eighteenth century but little progress was made in

detecting any sorl of regular lawful sequence in the apparently erratic

phenomena known as the weather. Franklin had perceived that

storms moved northeastward from Philadelphia toward New Eng-
land, which view was the resuli of his observations and private cor-

respondence regarding the exact time when the maximum severity of

storms was fell at different places. Thomas Jefferson, al Monticello,

and .fames Madison, at Williamsburg, in Virginia, had taken some
simultaneous observations in the years 1772-1777, and certain conclu-

sions were drawn from them. The belief gradually took shape among
students of the day, both in America and in Europe, that storms had
a progressive movement and a whirling motion about the center.

Lavoisier and Borda, in France, proposed to establish stations over a
large territory and examine the simultaneous records in order to

detect the laws of storms. Mitchell, in America, Capper, in India,

Langford for the West Indies, and Brandes and Dove, in Europe, had
contributed certain notions on the subject, some holding that storms
are whirls in the atmosphere, though generally I he view was expressed
that they are straight-line gales. Charts of various kinds were con-

structed by different individuals, and the publication of these at

length placed students in a position to begin the slow advance from
mere hypothetical conjectures regarding the motions of the air to the

definite scientific knowledge of the laws which we possess to-day. It

is quite remarkable to note the extent to which American students
have been pioneers in these meteorological researches, their views
having been confirmed or elaborated rather than originally suggested
by Europeans in their studies.

During the nineteenth century the observations of atmospheric
phenomena have been enormously multiplied all over the world, and
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a correct scientific classification of them around fundamental laws has

proceeded steadily, if not very rapidly. In 1831 Redfield published

his first essay, which contained these important generalizations:

Storms and hurricanes are great revolving whirlwinds which, turn

from right to left and have a northeastward, progressive movement;

the winds increase in violence toward the center, where a calm usually

exists; storms are gyrating portions of the atmosphere in which they

are carried along, and the low barometric pressure at the center is due

to the centrifugal force. In 1843 the same author ascribed the great

velocity of the wind at the center of tornadoes to the law that the

product of the velocity at any point multiplied by its distance from

the center is constant. In 1846 he described 1 he warm southerly winds

on the easterly side of storms and the cold northerly winds on the

westerly side, and thus nearly apprehended the cause of cold waves.

He seems to have been fully aware that the winds do not move
exactly in circles about the center, but rather approach it in spirals,

and he stated that his instructions to the engraver were to make the

wind lines spiral or involute in shape on his charts, but that, for ease

in drawing, circles were substituted, which gave an erroneous impres-

sion regarding the theory to his readers. He stated distinctly, in 1846,

that these lines made an angle of about 48° with the tangent to the

circle. Espy, who was at one time appointed meteorologist to the

National Government, was the first to study and point out clearly

some of the temperature processes which are going on in the atmos-

phere. He applied the laws of thermo-dynamics in 1841, at about the

time when this subject first took shape in theoretical physics, and

showed that an ascending mass of air expands its volume and cools its

vapor contents down to saturation, thus causing rainfall; that a

descending mass warms by compression, clears the air of clouds, and

causes it to appear to be dry; he proved that in the condensation of

aqueous vapor to water the production of latent heat retards the rate

of cooling with the ascent, and showed that the daily heating of the

lower strata by the sun's rays produces a general ascending buoy-

ancy during the early portions of the day, thus developing the cumu-

lus and cumulo-nimbus clouds, 1 which dissipate in the evening as

the strata settle back toward the ground; he attributed the rainy

belt in the Tropics to an ascending movement and the clear space at

the eye of a hurricane to a descending current of air; he also attempted

to show that the cause of storms consisted in the local buoyant ascent

of heated air, which produced a radial indraft below in the lower

strata; but he failed to see that this reasoning could not account for

the prevailing low pressures which permanently surround the cold

polar regions.

The Espy theory of the cause of storms, namely, the convect ional

'By "cnmulus" and " cumulo-nimhus" is meant the massive white clouds

which form chierly in the afternoons, often producing thunderstorms.
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indraft in a radial direction, and the Redlield view thai storms are

essentially whirls in circles about a center with low pressure at thai

place due to centrifugal motion, contain elements in apparent con-

tradiction to each other, and a long controversy ensued over the

its of these rival views, which is hardly yet completely settled in

the minds of manystudents of meteorology. In L843Tracy published

an article which, added a new force in the construction of

namely, the right -hand deflectingcomponent of motion in the North* -m

Hemisphere, which depends upon the rotation of the earth and is

proportional to the velocity of motion and the sine of the lath.

Unfortunately, this was noi noticed at the time, and it had no inilm

upon the controversy, though it is reallydecisive against 1.

of the radial direction of motion.

The labors of t hese intelligent students were rapidly bring ndei

out, of chaos in meteorology. Such physical work was sup;)'.

In the statistical results which were being compiled in various phi

Coiiin, in L853, published his "Winds of the Northern Hemisphere."

After his death, appeared his "Winds of the globe," edited by his sou

ami the Russian meteorologist Woeikoff. lie described the right

hand rotation of cyclones in the Northern Hemisphere and the left-

hand rotation in the Southern, lie considered storms to he eddies in

the general currents of the atmosphere, and claimed thai both i

field and Espy had elements of truth in their theories, which mug
mut nally combined t<> produce a eorreel view of the subject. Loo

of Vale College, also was engaged in the compilation of statistics and

the construction of maps through his long active career as a me:

ologist, and he added many important facts to our scient ilic knowle

though no essential part in the theoretical development seems to b
•ciated with his name. It was during the years L850 to L860, how

ever, that the greatest advance was made in a systematic analysis •
I

meteorological phenomena and thai the reduction of the entire subject

to definite mathematical expressions firsl took place. Prof. William

el, of the Signal Service, has the honor of thus having first i

tributed an analyt ieal description of the motions of the air, and t h

of having done most to establish meteorology upon a scientific

His work is so well known to students that it- is not, necossar;.

to describe or comment upon if in this place. He was by nature -

:i

profound mathematician and an accomplished astronomical computer,

and while some of his discussions are cumbersome, it must be remem
b red that he had not the advantage in his active yeans of advanced

modern mathematics, which will surely find one of its most important

applications in the study of the motions of the atmosphere.

Ferrel did especially good work in his treatment of the genera)

motions of the air, but he is not now regarded as having been so sue

eessfnl in his handling of the local cyclones and hurricanes. His dis-

cussion of tornadoes was also ably presented, and can be improved at
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this time only in certain details. Regarding the cause and structure of

local cyclones, Ferrel himself was never quite satisfied with his own
conception. He saw distinctly the value of Espy's convectional buoy-

ancy, of Redfield's gyratory rotation, and of Coffin's subordination of

the local eddies to the general circulation of the air, and it is not too

much to say that, while he wavered in his theory, he inclined strongly

to Coffin's point of view. He unfortunately forced the parallelism of

the local to the general cyclone so far that a reaction has taken place

against him in recent years by students who have had the advantage

of the use of the best modern materials. This mistaken comparison

of the local cyclone with the general cyclone has been an important

factor in the rather slow progress characterizing the last twenty years.

In the hands of Ferrel, supplemented by the important contributions

of many distinguished Europeans, meteorology has already reached

such a development as to require a high order of mathematical talent

to make any important advances.

THE WEATHER MAP.

The above brief account of the development of the principles of theo-

retical meteorology in the United Slates previous to 1S70, the date when

the subject was taken up by the National Government, has been neces-

sary in order to show that meteorology had already acquired a firm

standing among students of the subject. Yet, it is quite improbable

that the Government would have been authorized by Congress to under-

take such functions as were at that time assigned to it unless there

had been in connection with the improvement in the theory a corre-

sponding advance on the practical side, which would be of direct use-

fulness to the public, This consisted in the possibility of making fore-

cast warnings of the approach of storms, in order to justify the heavy

expenses connected with the collection of the observations, and the

dissemination by telegraph of the information contained in the study

of the simultaneous records. About 1784 Lavoisier, the famous chemist,

suggested that instruments be scattered over France, and declared

that with their aid " it would not be impossible to publish each morn-

ing & journal of predictions whieh would be of great use to society,"

so that the dream of forecasting the weather is a century old. After

the invention of the electric telegraph, Lavoisier's idea became prac-

ticable, and in 1842 Kreil renewed the plan of collecting daily simul-

taneous observations of the state of the atmosphere. During the next

ten years this view was urged by various scientific men, Redfield

(1840), Henry (1847), Ball (1818), Maury (1851), in many papers and

addresses. Brandes, Piddington, Espy, Redfield, Henry, Loomis, and

others had been compiling weather maps from reports, and were con-

vinced that there was sufficient sequence in the weather conditions to

forecast them if the reports could be collected promptly enough and

from a suitable number of widely distributed stations. The agitation
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therefore took the form of urging- some cooperative scheme which
would make this possible.

In 1848 Glaisher, and in 1851 the Crystal Palace authorities, made
some weather maps. In 1856 weather charts were displayed every

day by the Smithsonian Institution, in Washington, D. C, under the

direction of Professor Henry, wherein appropriate symbols indicated

the state of the atmosphere over the United States, and this enlight-

ened plan was continued till interrupted by the civil war in 1881.

Leverrier, the greal astronomer of France, in L854 studied the Euro-

pean reports received concerning the weather. In 1855 he submitted

a plan to the Emperor for a meteorological network over France. In

1856 he began to make maps, with a system of thirteen telegraph and

eleven post stations. In 1857 he published an international bulletin.

In 1858 it became a daily bulletin. In 1863 he first made predictions

for ports. On September 11. 1863, he printed the weather map for

the day, and it has not been discontinued since that time. It is

thu> seeD that to France is due the credit of firsl issuing a permanent
set of daily maps with forecasts. After the conclusion of the Ameri-

can civil war efforts were renewed to set on foot a plan of meteoro-

logical operations for the United States. While the greal extent of its

territory made this country a most favorable theater for such a project,

there was necessarily connected with the undertaking a very consid-

erable expense for telegraphic messages, SO that a scheme of operations

on a large scale was essential to its inauguration.

In 1868 Prof. Cleveland Abbe, the veteran meteorologisl of the serv-

ice in this country, while director of the Cincinnati observatory, secured

the assistance of the Cincinnati Chamber of Commerce and the West-

ern Union Telegraph Company, so that he was able to prepare and

issue a daily bulletin, and afterward a. map based upon thirty stations

covering tin- region from the Atlantic coast to the Rocky Mountain
•

. These maps gave the temperatures, cloudiness, rain, snow,

and the direction of the wind, but no pressure or isothermal lines.

During the years 1845 to 1865 Congress was being urged to give

authority for storm and weather predictions, by Espy and Henry on

behalf of the Smithsonian Institution, Maury on behalf of the Navy,

General Reynolds on behalf of the Army Engineer Corps, Major Lach-

lan on behalf of the American Association for the Advancement of

Science, and Commissioner Watts on behalf of the Department of

Agriculture. In 1869 Gen. A. J. Myer presented to the Secretary

of War a scheme of weather warnings suitable for execution by the

Signal Corps. Prof. I. A. Lapham, of Milwaukee, Wis., sought to

secure for the Great Lakes the benefit of weather forecasts by extend-

ing the service over that region, and solicited the cooperation of the

Chicago Board of Trade, lie drew up a petition to the Chicago

Academy of Sciences, but one of its most clear-minded members, Hon.

Halbert E. Paine, said, "This petition should go to Congress, and the
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weather predictions should be for the whole country and not for any
small section thereof." The indorsement of the National Board of

Trade was secured. Mr. Paine obtained the approval and support of

the Secretary of War, and, happily, procured the passage of the joint

resolution by Congress, already quoted, which was approved Febru-

ary 0, 1870. Thus, the service of forecasting weather conditions was

formally authorized by the Government of the United States and

intrusted to the Signal Corps of the War Department, of which Brig.

Gen. Albert J. Myer was in command.

ADMINISTRATION OF THE "WEATHER SERVICE.

The successive chiefs of the Weather Service, including the chiefs

of the Weather Bureau since its transfer to the Department of Agri-

culture', with their respective terms of office, have been as follows:

Brig. Gen. A. J. Myer, February 0, 1870, to August 24, 1880.

Adjt. Gen. R. C. Drum (acting chief), August, InnO, to Deeeml>er,

1880.

Brig. Gen. W. B. Hazen, December, 1880, to December, 1886.

Brig. Gen. A. W. Greely, December, 1886, to July 1, 1891.

Prof. Mark W. Harrington, July 1, 1891, to July 1, 1895.

Prof. Willis L. Moore, July, 1895, to the present time.

FEATURES OF THE SEVERAL ADMINISTRATIONS.

The prominent features of the several administrations, briefly stated,

are as follows:

General Myer organized the service with the material at his hand,

namely, the observers and sergeants of the Army Signal Corps, lie

introduced nearly all the methods of operation still in use by the office,

including synchronous observations, telegraph circuits, weather maps,

bulletins, synopses and forecasts, signals and distribution of warn-

ings as widely as possible, the publication of daily, weekly, monthly,

and annual reports of regular work, special investigations, instruc-

tions to observers, and information to the public. He sought to have

organized a separate, permanent corps of officials, specially devoted to

this service, instead of depending upon the military assignments of a

more or less temporary character, but he was unable to accomplish this

important improvement in the organization. General Myer also suc-

ceeded in securingthe cooperation of the European weather bureaus

in entering upon a plan of international simultaneous observations,

which were to cover the Northern Hemisphere as far as possible.

Th<'s<- were begun in 1875 and continued through General Hazen's

term of office, till in 1887 General Greely was obliged to discontinue

them on account of the expense.

General Drum's administration was so far of a temporary nature as

to give no opportunity to impress new methods and results upon the

service.
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General IIazex sought in every way to improve the service, whieh

had been founded on really broad lines, and became convinced that

the military corps ought to be supplemented by a corps of civilian

assistants, who should be favorably known for scholarship in meteor-

ology, and who were to be free to pursue such studies, in an uninter-

rupted manner, as the service demanded. A body of such eivili

was appointed in 1881-1884 by General Hazen, and they have

an indispensable part of the organization of the service- Gen

IIazen furthermore entered upon the international scheme for the

exploration of the Arctic Zone 1>3
T simultaneous meteorological and

magnetic observations, winch was executed in 1881-82.

Genera] Greely took up what was now a well-organised and fully-

equipped service already fixed in the esteem of the public in I

country, and envied it along the same lines. He made furthei

to secure from Congress an independent set of officials for the. meteoro-

logical service of the Signal Corps, and anally succeeded in that pur-

pose by procuring the acl of Congress approved < tetober I, 1890, which

not only made permanent the organization, but also provided for

absolute transfer of the meteorological work from the signal Corp

the War Department to the Department of Agriculture. The same
ad provided for the assignment of Army officers to duty in the

Weather Bureau, and this remained in force till the outbreak of

Spanish-American war, when the provision wasrevoked in May, I

so thai now the service is not only organized as a permanent ci

but is composed wholly of civilians. During General Greely's

administration the fruits of se\ era! years' observations of the weather

condil ions of the United St ates began to appear in a series of valuable

pilations. giving the normal distributions of pressure, tempera-

ture, rainfall, and the climatological features of the country.

The transfer of the meteorological work from the \\ ar Department
did not change its essential features in any important respect, but
left it free to develop along the lines most suited to its purpose.

Professor Harrington, in his administration, was occupied by a

asfer of the officials who resigned from the Signal Corps, and who
were generally reappointed in the Weather Bureau; by a reorganiza-

tion of the divisions in the office; by a considerable extension of the

activities of the service in the number of stations which were occupied,

the number of volunteer observers engaged, and the publication of a

greater number of maps, reports, and special investigations. A some-

what unfortunate though very natural change had already manife
itself before this time, and yet one which could not be readily counter-

acted, namely, the practical absorption of meteorological studies in

the United States by the national service aud the diminution of the

number of independent students scattered over the country. The
growth of meteorological records, which are necessarily deposited at

the central office, gives the professors of the Weather Bureau so
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great an advantage over outsiders in accessibility of the materials for

scientific research as to practically exclude them from serious com-

petition along these lines. This is to be regretted, because an intelli-

gent body of students associated with the universities of the United

Stales would not only serve to spread the knowledge of the higher

meteorology, but would form a body whose opinions as to the good of

the service should be always important.

Professor Moore has met the practical wants of the public by an

increase in the facilities for distribution of forecasts, by improve-

ments in the local daily weather-map, in the unification of the form

of the local publications in the different States, by several important

scientific investigations, including the relations of the sun to the earth

through magnetism, the exploration of the lower strata of the atmos-

phere by means of kite ascensions and the higher strata by cloud

observations in cooperation with the international commission during

189(3-97. Many reports of permanent value continue to be issued

by the office, and these are usually of a very practical character,

though sometimes necessarily technical.

METEOROLOGICAL REPORTS AND STORM WARNINGS.

On November 1, 1870, at 7.35 a. m., the first systematized syn-

chronous meteorological reports ever taken in the United States were

read from the instruments by the observer sergeants of the Signal

Service at twenty-four stations and placed upon the telegraph wires

for transmission.

On the same daj^ the tabular bulletin reports were furnished to

twenty-four cities. A copy of this bulletin is given here as an inter-

esting record. The drawing of isobar lines is quite impracticable

from the data, but an improvement was speedily effected in the deter-

mination of the heights of the stations and the reduction of the actual

pressures to the sea level, as shown by the fact that early succeeding

bulletins gave smooth isobars. An excessive amount of space seems

to have been assigned to the record of the wind velocity in three dif-

ferent scales. Provision was also made in the form of the table for

the twenty-four hour changes in pressure and temperature, and for the

relative humidity.

Copy of the first daily bulletin published by the United States Signal Office from the

observations taken November 7, 1S7U, 7.35 a. in.

Place of ob-
servation.
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Copy of the first daily bulletin published by the Un ited States Signed Office from the

observations taken November 1, 1S70, 7.35 a. m.—Continued.

Place of ob-
servation.

Cleveland

Detroit

Duluth

Key West
Lake City, Fla

Milwaukee

Nashville

New Orleans..

New York
Omaha
Oswego
Pittsburg

Rochester

St. Louis

St. Paul

Toledo

Washington ..

Height
of ba-

rometer.
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meteorologists was added to its formal functions. During the first

year seventy-three sergeants were instructed in the "Manual of sig-

nals," the "Practice of electrical telegraphy," Loomis's " Meteorology,"
" The Smithsonian instructions," and "Instructions to observer ser-

geants." Among the earliest papers published by the office were a

practical treatise on meteorological phenomena, adapted to the use of

observers, and instructions as to the details of office duties. Such
writings have been kept prominently before the office ever since, and
they have gradually covered every conceivable phase of the subject

likely to be of value to the officials themselves or to the public. In

1872 there was established the so-called study room, Under the charge

of Professor Abbe, where scientific and practical questions were taken

up for discussion, and this did good work in educating several men,
who have since become well known in science, till it was officially

abolished in 188G. Since that time the scientific problems have been
assigned by the chief of the Bureau to the several professors, or else

to boards especially appointed to report on definite propositions.

In the year 1882, by direction of General Hazen, the school of

instruction at Fort Myer assumed a decidedly collegiate aspect in the

extent and strength of the instruction offered. Courses of lectures

were delivered by Professor Abbe on instruments, published later in

1887; by Professor Upton on practical astronomy; by Professor Hazen
on meteorology; by Professor Waldo on elementary mathematics and
thermo-dynamics. Other lectures on more general topics were deliv-

ered by Lieutenants Story, Dunwoody, and Birkhcimer. This very

commendable attempt to provide a much higher grade of education

for meteorologists lasted until 188G, when the school at Fort Myer
was discontinued. The demand for higher scientific instruction has

been met to a very limited extent by the colleges and universities of

the United States, and yet, as a distinct subject, meteorology has

been taught in only a meager fashion up to the present time. This

state of affairs is accounted for to a considerable extent by the fact

that entrance upon a career as a meteorologist is almost entirely lim-

ited to the Government service, together with the circumstance that

most of the routine work of the office, making the observations and
distributing the forecasts, is of an elementary kind, and does not

demand the knowledge of any large amount of mathematics or physics.^

The few professorships open to young men are so slowly attained as

to discourage ambition in this direction. In 1892 and the following

years the entire service was classified and became subject to the

civil-service rules, so that examinations are now the rule for admit-

tance to all grades. Under Professor Moore's administration progress

is being made in prescribing requirements for entering the Govern-

ment weather service and for promotions within it up to the highest

grade, so that the educational side of the Weather Bureau is likely

to assume gradually a definite and permanent character.
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MEANS OF INSTRUCTION AND INFORMATION FOR THE PUBLIC.

Besides the persistent efforts which in one form or another have
always been made to instruct the officials of the service in their duties

as observers and in their scientific understanding of the problems of

meteorology, a mnch more extensive and difficult task has been car-

ried on simultaneously in the endeavor to teach the public to appre-

ciate and appropriate the results of this systematic research into the

laws controlling the weather. In spite of discouraging results attend-

ing the attempt to propagate much exact knowledge of this compli-

cated science to a large population, the evidence preponderates that

the work of the Government has already been of an enormous valite

to the whole country from an educational point of view. The inev-

itable failures attending the attempt to forecast weather conditions

for periods of from twenty-four to forty-eight hours in so unstable

a medium as the ever-changing atmosphere, filled as it is with long

currents of different temperatures, large and small vortices, the sen-

sitive physical processes giving rise to clouds and precipitation, must
be admitted as an unavoidable pari of the imperfections of this prac-

tical work. These errors were formerly used by the press and by
critics generally as a ground for complaint against the service, but
now i! is notable how greatly improved has become the tone of criti-

cism, which recognizes that the successes far outweigh the failures

in forecasting. While there has not been any important advance in

the amount of instruction given by the universities in the higher

theoretical meteorology of late years, yet it should be observed that

meteorology is extending rapidly throughout the common schools of

the country as a required branch of instruction for every child, and
it can be inferred that this process of beginning at the bottom will

culminate in producing occasionally an individual who shall attain

strength and success in studies embracing the highest reaches of

ace pertaining to the physics of the atmosphere. These changes

have certainly resulted from the persistent propaganda of publications

emanating from the Weather Bureau during the past thirty years.

TJ1E ANNUAL REPORTS.

Among the most important publications of the service must be
placed the Annual Reports of the chief of the Weather Bureau, which
now comprise a most creditable array of volumes, filled with interest-

ing and valuable information regarding the administration of the

work and the latest results of scientific investigations. Therein one

may find an account of the gradual growth of the service; a descrip-

tion of all the severe storms experienced since 1870, whether cyclones,

hurricanes, or tornadoes, together with marvelous incidents in the

history of the latter destructive agents; statistics of the wreckage of

vessels on the Lakes and on the seaboard, showing a remarkable lower-

ing of the percentages of wrecks in consequence of the obedience of
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navigators to the storm warnings; descriptions of the growing depend-

ence of the railroads and other public carriers upon the information

regarding heavy snowstorms, cold waves, and floods, Avhich endanger

all perishable products during transportation; data of the gradual

improvement on the part of small farmers and great agriculturists in

the care of their stuffs in consequence of the frost warnings and the

increased knowledge of the effect of seasons and climate upon the crops

;

also facts showing the almost complete reliance of the cotton, rice, corn,

wheat, and raisin industries upon the information regarding normal

or abnormal temperatures and rainfall. There will also be found in

these reports a description of the instrumental equipment of the mete-

orological stations, with the gradual evolution of self-registering appa-

ratus of all kinds by means of electrical attachments, including

barometers, thermometers; humidity, sunshine and cloud recorders;

anemometers and vanes for the force and direction of the wind ; self-

measuring rain gauges, and kite and cloud-height apparatus of vari-

ous kinds. Many of the self-registering pieces of apparatus display

the greatest mechanical ingenuity in the devices employed, and their

resulting records agree so closely with direct observations on the

standard instruments as to be perfectly acceptable within the limits

of accuracy required in current observations. (For kite and cloud-

motion apparatus, see Pis. I and II.)

The practicability of such a service of course depends upon the

telegraph for its efficiency in promptly collecting the observations

taken simultaneously on the Atlantic and Pacific coasts, on the Lakes

and the Gulf of Mexico, and through the Rocky Mountain region and

the central valleys. The magnificent result of receiving at Washing-

ton, D. C, and at all the larger cities of the country at the same time

the complete records from one hundred and fifty stations within an

hour after the observations are made is testimony to the skill and

experience of the electricians of the Weather Bureau and the tele-

graph companies. This result depends upon special arrangements

which have been slowly brought to perfection. The first of these

arrangements is the cooperation of the telegraph lines, by which spe-

cial wires are devoted to the Government service during certain hours

of the day, when the weather messages take precedence of all private

dispatches; in 1870 there were six telegraph companies concerned in

transmitting weather messages, but these have all been merged into

one; in 1871 there was some controversy as to the financial terms of

the telegraph service, but it was settled by the fixing of rates through

the Postmaster-General, and later Congress vested in the Secretary of

Agriculture the power to make contracts with the telegraph compa-

nies; also to prescribe the precedence of all Government messages.

The second arrangement consists in the establishment of certain tele-

graph circuits, including groups of cities in an extensive territory, so

regulated that the same message is recorded simultaneously at all the
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Fig. 1.—The Marvin Meteorograph.

i sterine instrument to record the pressure, temperature, humidity, and wind velocity oi
tin- air. very light in construction; adapted to kit.- ascensions where the minimum of weight i*

required for lofty Sights. Used m the explorations of the lower atmosphere in 1898

Fig. 2.—The Marvin Nephoscope.

[Mirror with attachments, by means of which direction and relative velocity of cloud motions
can be determined. Used al the Weather Bureau sun inns during the International Cloud Survey of
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Fig. 1.— Preparing to Fly Weather Bureau Kite.

Fig. 2 —Weather Bureau Kite in the Air.

[The kites shown are cellular or Margrave, which have been perfected by the Weather Bureau.
They fly with great Steadiness, ami arc held by a fine steel wire and iron reel at the ground. A
single kite has ascended to 8,000 feet, and several kites in series have risen to 13,000 or 14,001) feet.]
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stations on the circuit; by an ingenious arrangement of the order of

transmission of the circuit messages not only Washington, D. C, but

many other cities have the exact weather records furnished for the

hour of the observations; this has become quite necessary, because

at many of the large cities weather maps are constructed and printed

similar to the one in Washington, D. C, and which, though the latter

is somewhat larger and more complete, practically contain the same
important information; from many local centers the Washington
forecast and the map itself are distributed to an enormous population

and displayed in all the most important places of business and in the

schools and private institutions. The third arrangement required

was a method of reducing the expense of telegraphic messages to a

minimum, since the actual cost of transmitting so mam- million words

per year is an exceedingly heavy item; this has been done by construct-

ing a compact and ingenious cipher code which can be readily trans-

lated, and in which live or six words give all the data which would
otherwise require twenty-five or thirty words; the bill for telegrams

alone under this cipher code is about $180,000 annually, and it may be

readily inferred how great is the saving to the public in this direction.

Furthermore, the Annual Reports contain a complete statistical state-

ment of all the important meteorological records made at the tele-

graphing stations, compiled so as to give the normal values of the

pressure, temperature, precipitation, and wind movements. These

statements have been continued from year to year in the same form,

and it is now proposed to combine them into a complete scheme of

normals based upon the work of the past quarter of a century. If

such normals can be formed at intervals of twenty-five years, many
questions regarding the long-range variations of the climate and
weather will be finally answered for the benefit of future generations.

When we reflect that astronomers have been engaged for several cen-

turies in constructing the mean values upon which the larger ques-

tions of the structure of the universe depend, it may not be amiss for

meteorologists to patiently continue a campaign as far-reaching as

that of the astronomers in its outlook.

The discovery of the laws affecting the seasonal changes would
certainly be of such benefit to mankind, in the complex civilization

upon which modern life is entering, as to justify the expense and the

patient labor involved in such a contribution from each generation to

its successor. The crude method of tilling the soil common in these

days will certainly give way to an exact economical procedure, based

largely upon the result of meteorological research, increasing in pre-

cision with the lapse of time. There already exists in the archives of

the Weather Bureau an immense quantity of valuable material cal-

culated to serve these purposes. The great mass of weather observa-

tions, the collection of which is characteristic of this branch of science,

is being systematically studied and condensed year by year in the



86 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

records division, so that, before the original records are placed in the

fireproof vaults, the central facts are extracted and appear annually

in the report of the chief of the Bureau.

The expert investigator must he intrusted with the work of dis-

cussing the results in special researches, and the Annual Report con-

tains a series of valuable papers drawn up on these lines. Thus, there

have been published papers on the laws of storms; the physical proc-

esses in the air; the climatic conditions; the relation of crops to the

weather; atmospheric electricity; terrestrial and solar magnetism;
auroras; eclipses of the sun; Ferrel's treatises; Langley's researches

on the solar constants; Abbe's translations; instruments and cloud

studies; Bigelow's reports on magnetism, storm tracks, and the inter-

national cloud observations; a series of professional papers containing

reduction tables in all branches of the subject; scientific notices; and
a set of scientific bulletins on a variety of subjects. The Annual
Reports also contain the results of the great work of the international

simultaneous observations over the Northern Hemisphere, which were

inaugurated by General Myer and published from January 1, 1875,

to June 30, 1889. This vast series of observations has been compiled

in a set of valuable charts and distributed in recent years, but it is

believed that too little research work has been done to bring out the

laws which are contained within these records. There is also an
account of the international polar expeditions of 1882-83, when Gen-

eral Greely had charge of the American expedition to Fort Conger

and Lieutenant Ray of that to Point Barrow.

THE MONTHLY WEATHER REVIEW.

Another important method of instructing the public in the science

of meteorology has been the regular publication of the Monthly
Weather Review, first issued for January, 1873, which was extended

backward to July, 1872, and reprinted in the annual volume. For

the next ten years these Reviews were reprinted in the Annual Report

itself, but since 1884 they have appeared as a separate publication onby.

The Monthly Weather Review has regularly contained an accurate

description of the incidents connected with the severe storms which

have developed in the United States, giving the facts regarding warn-

ings issued by the Bureau, the path of the storm and its intensity, and
the damage inflicted, if important; the tracts of the high and low

pressure areas across the country have been carefully charted from
month to month ; there are details of all the other important weather

r/henomena, and the weather record of several thousand volunteer

observers, who are gradually constructing the complete climatologieal

data for the normals and abnormals of temperature and precipitation;

important reports on scientific research have usually been included

in this publication, and they still form an occasional feature; in late

years a series of interesting short notes of a more popular character

has added to the value and popularity of the publication.
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THE LIBRARY.

It. may be slated in connection with this subject that the library of

the Weather Bureau has grown steadily since 1870 at the rate of

about 700 titles a year, till we now have something like 17,000 books
and 3,000 pamphlets. The collection is strong in strictly meteorolog-

ical data, and it is fairly complete in the department of physics and
in the current periodical scientific literature. The library is provided
wiili a card catalogue, an extensive bibliography of meteorology, and
a foreign index of scientific titles.

THE ( i.IMATE AND CROP BULLETINS.

At the very beginning of the operations of the Signal Office a strong

il was made to obtain the active cooperation and support of the

agricultural societies of the country and the boards of trade of the
cities, who should, it was proposed, in conference with the chief,

devise plans for practical weather work, and by missionary efforts

iji their respective communities should interest the people in meteor-
ology, as well as instruct them in the utility of the national service.

In the report of 1S7l' is contained a long list of such cooperating
organizations. This system of mutual support was of the greatest

value in establishing the weather service (irmly among the necessary

adjuncts of our modern life; but the important fad to note is that

this beginning soon consolidated into one of the most important per-

manent features of the sen ice. Such a development of local activity

in the several States led to the establishment of the system of State

weather services. There had been a few detached attempts by the

different States, New York (1825), Pennsylvania (1837), Massachusetts

(1840), Iowa (1875), and Missouri (1876), to apply local funds to the

study of problems of interest to the special districts, having particular

reference to the agricultural requirements and a knowledge of the
effect of the climate upon crops. The experience of ten years with the
national service showed that it could be efficiently supplemented by
the addition of reports from each county in every State of the tem-
perature, the rainfall, and the conditions and need of the crops. On
the proposal of Lieut, H. H. C. Dunwoody and Professor Abbe such
a cooperation was organized with the States, which one after the other
took up the plan.

In 1881 the scheme was formally begun, and it has developed into

the useful work now carried on by the climate and crop division of the
Weather Bureau. The work consists in collecting by telegraph or

postal card the required information and discussing the same prior
to publication. This takes two forms, the compilation of special

monthly reports by the several States and Territories, and the con-
struction of weekly reports by the national Weather Bureau. The
monthly reports by States at first were incomplete so far as the total

number of States was concerned, and the style of the publications was
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very irregular when compared together and sometimes unsatisfactory.

As the result of Professor Moore's efforts to secure uniformity these

faults have at last been remedied, and nearly every section now pub-

lishes, in a uniform type and size, a monthly report of the climate of

its region. In 1887 the Signal Service began to publish the national

Climate and Crop Bulletin, giving each week an account of the condi-

tions of all agricultural interests of the country. At first it contained

about 600 words, with a summary of the general weather, and espe-

cially of the temperature and rainfall; then statements regarding the

progress in farm work and the effects of weather on the crops were

added, the reports being derived originally from the farmers them-

selves. In 1891 the Bulletin was enlarged and improved by adding

two charts, showing the variation of the temperature and rainfall

from the average normal conditions in the several districts for the

week of issue; in 1891 brief telegraphic reports from the several

States giving the condition and prospect of the crops were made a

regular feature of the preparation; in 1891 two more charts, the tem-

perature extremes and the total rainfall, were added; the Bulletin,

therefore, now contains four charts, a general summary of the weather,

and brief reports on the condition of the crops for each State. The
climate and crop service as at present organized has forty-four sec-

tions, including Puerto Rico and Cuba, and utilizes 13,000 mail reports,

furnished by more than 3,000 voluntary observers. Each section,

besides providing material bj^ telegraph for the national Weekly
Bulletin, issues a local bulletin, in which the climatic conditions are

fully and accurately described. It is obvious that such records must

ultimately make the climate of the United States a subject of exact

knowledge, and that in the future the. most successful farming will

take it into account.

THE DAILY WEATHER MAP AND FORECAST.

Besides the special, the annual, the monthly, and the weekly reports

another most important publication remains to be mentioned. This

is the Daily Weather Map. The primary object in establishing the

weather service of the United States was the issuing of warnings of

the approach of storms and floods for the benefit of commerce and

transportation, though, as already shown, it logically was extended to

cover the agricultural interests in the most complete form possible.

These warnings must be based upon simultaneous^ observations

taken at stated hours, collected with the utmost rapidity, transferred

to charts, studied and discussed by practical experts, who, by their

knowledge of the weather laws, should -give the best interpretation to

the conditions in the form of forecasts. The daily weather report

consists of four parts: (1) The bulletin of the weather conditions,

pressure, temperature, rainfall, and wind direction and velocity; (2)

a map displaying the isobars, isotherms, wind direction, state of the
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sky, areas of rain and snowfall during the past twelve hours, storm

signals, cold-wave signals, and thunderstorms; (3) a synopsis of the

general weather conditions of the United States; (4) a detailed fore-

east for the several regions of the country. These daily maps were

issued originally November 1, 1870, as the "Weather bulletin," being

at first made by a new manifold process, and they were published in

the daily newspapers of many cities. About March, 1872, they began
to l»e reprinted under the title "Daily bulletin of weather reports,

with synopsis, probabilities, and facts."' Subsequently a small-sized

weather chart was added, being printed by lithography.

In the course of IS7-2 the scope of the map was enlarged, and it soon

contained the original data of observations, the isobars, isotherms,

synopsis, and probabilities. The reports of the river stages appear
regularly on the same sheet; also an account of the storm signals,

cold-wave signals, frost warnings, Local storm warnings, and other

phenomena of importance to the public. Almost at the outset the

system of observations for the United States embraced the Canadian
provinces; rather irregular reports were received from the West
Indies dnring the hurricane season, until May, 1898, when a regular

permanent Bervice was established throughout that region. During
the first years of the work three daily maps were prepared, made up
from observations taken at 7.:U> a. m., 4.35 p. in., and 11.35 p. in.,

Washington time, thus dividing the day into periods of about eight

hours. This tridaily series of maps was changed in L888 to a bidaily

series, taken at 8 a. m. and 8 p. m.. all ti hies being those of the seventy-

fifth meridian. In L895 the printing of copies of the evening maps
was suspended at Washington, I). C, and now the published maps
at Washington City and the other large distributing centers are made
from only the morning observations. The observations were made at

less than 50 stations in 1871, but this number was increased in a few
years to 150 stations, which sufficiently cover the territory under
consideration to record all the general conditions of the atmosphere.
The distribution of the resulting morning forecasts begins in less

than two hours after the instruments are read, first by telegraph and
telephone to about 1,000 centers of distribution, thence by telephone,

mail, and railway-train service to more than 73,000 addresses, the

greater part being delivered early in the day, and none later than 6

p. m. Besides these 1,000 telegraph distributing centers, the forecasts

are telegraphed, at Government expense, to about 1,800 additional

places, to be communicated to the public by means of visual and
sound signals, the former consisting mainly of flags and the latter of

steam whistles. At the telegraph distributing centers an immense
number of the forecast messages are quickly printed by hand stamp
and logotypes on postal cards bearing an official frank. These are

mailed to all communities that can be reached not later than 6 p. m.
of the day of issue, and suitably posted for the benefit of the public.
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There is, besides, an additional system of distribution, by which more
than 8,000 stations are furnished by telegraph at Government expense,

as occasion justifies, with the "emergency warnings," that is, for

hurricanes, cold waves, frosts, or local storms of unusual severity.

"With this effective system, which is being extended and improved

as opportunity affords, there is scarcely a community in the entire

country that does not receive the benefit of the forecasts of the

Weather Bureau. As soon as the forecasts are prepared they are

sent to the press associations, through which they reach all important

newspapers and are thereby given an almost unlimited circulation

through the country. The morning forecast only is used for visual

and sound signals; in the bulletin displays by the various means of

distribution the morning forecast is also mainly used, the prediction

applying more particularly to the following day. The evening fore-

cast is published in the morning newspapers of the succeeding day

and the morning forecast in the evening papers of the same day on

which the forecast is made. A system of special reports from sta-

tions, in cases of unusual weather conditions in any district, supple-

ment the regular observations, whereby the progress of a storm may
be more closely followed. Special bulletins are also issued detailing

the history of a hurricane or violent cyclone along the most important

portions of its track. The verification of the forecasts shows that on

the average about 82 per cent are strictly correct. A large portion of

the failures are due to minor irregularities in the location of the rain-

fall or temperature changes, and these are really unimportant to the

public. Contrary to general opinion, it is much less difficult to fore-

cast the direction and force of well-defined and even dangerous storms

than the common variations of the weather, when the conditions are

flat and the course of the weather really uncertain; it is very seldom

that any dangerous winds are not timely predicted bjr the Weather
Bureau.

For some years the view prevailed that a local observer could fore-

cast better for his immediate district than the national official at the

central office, but after an extensive trial it was found that the Wash-
ington City forecasts verified 4 or 5 per cent better than the local

forecasts, and the local system was therefore abandoned. It is diffi-

cult to obtain any very exact account of the actual saving of property

to the public as the result of these storm warnings, but it is every-

where agreed that it amounts annually to a very large sum. The
direct cost of the weather service to the people has for several years

been less than $1,000,000 annually, and those in the best position to

judge believe that the salvages alone would cover the expense of the

work. This is quite independent of the many advantages accruing

to our civilization from the agencies above described for serving the

public in an agricultural, commercial, and educational way. The
committees of Congress which are charged with inspecting the money
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value of the estimates are in many instances ready to recommend the

appropriation of more money than even the chief of the Bureau or the

Secretary of Agriculture asks for. Another fact is that there has
been a steady natural growth in the operations and in satisfying the

legitimate needs of the public, so that the people see for themselves

the practical advantages of this great scientific work.

CONTRIBUTIONS OF THE WEATHER BUREAU TO METEOROLOGY.

The Weather Bureau has always sought to bring its methods to the

knowledge of the public by courteously explaining the details of fore-

cast ing to all visitors at the central or local offices. It has made very

creditable exhibitions at the world's fairs at Philadelphia, Chicago,

New Orleans, Atlanta, Omaha, and Paris. It has put itself inline

with all the great international reforms by advocating and adopting

international standards of measures and standard time for its obser-

vat ions. It has organized the international simultaneous observations

of 1875-1887, and cooperated in the international polar expeditions of

1881-1883, and in the international cloud observations of 1896-97. It

has sent delegates to European meteorological congresses. It has con-

tributed to meteorology several standard memoirs—Ferrel's '"Profes-

sional papers," Nos. <
s

, 12, and 13, his "Recent advances," Ins reports

on " Psychrometry," and on "Reduction to sea level;" Abbe's "Mete-
orological apparatus and methods," his " Storm and weather predic-

tions," his two "Collections of translations;" Marvin's reports on
instruments of various kinds and on kites; Bigelow's reports on mag-
netism, on storms and storm tracks, and on clouds; and reports by
Mendenhall on atmospheric electricity, bj7 Finley on tornadoes, by
Henry on rainfall, by Hazen on thunderstorms, by McAdie on light-

ning; besides a multitude of minor papers of every kind. Special

observations at the higher levels of the atmosphere have been made
b}T means of the mountain stations—Mount Washington, Mount
Mitchell, Pikes Peak; by cloud heights with theodolites; by kite

ascensions, and by eleven balloon voyages. Several series of hourly
observations are regularly taken of all the meteorological elements;

the vertical gradients of the pressure, temperature, and vapor have
been discussed by several methods; a great deal of attention has been
given to plateau barometry, together with the determination of the

elevation of the stations throughout the United States, and the instru-

mental and atmospheric corrections. The dynamic problem of the
motions of the atmosphere is kept steadily in view, and advances are

being made from time to time in this most important subject.

LATEST VIEWS OX THE THEORIES OF THE ORIGIN OF STORMS.

Perhaps it may be well to close this paper by stating the latest

views on the theories of the origin of storms, which have been dis-

cussed by means of nearly every conceivable hypothesis during the
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past fifty years. The question involved has been how much emphasis

should be given to the horizontal dynamical action of the large general

currents of the atmosphere, due to the polar-tropic differences of tem-

perature, and how much to the local vertical conveetional action due

to surface heating. Some meteorologists have laid stress upon one of

these theories, and others upon the other, but, as in the Redneld-

Espy controversy regarding the circular and the radial components of

motion, it is now seen that both are efficiently in operation, though

the circular dominates in intensity; so, while both the horizontal

dynamic forces and the vertical convection are actively concerned in

the structure of storm circulations, it is the former which preponder-

ates, that is to say, local cyclones are but minor whirls in the general

atmospheric circulation, which is continuously striving to reduce the

difference of temperature of the atmosphere between the Tropics and

flu- polar regions; also they are sometimes strengthened by the evolu-

tion of the latent heat of precipitation. The vertical currents in

cyclones and anticj'clones are primarily components of vortex motion,

and these serve to set in operation the thernio-dynamic processes con-

cerned in the making of clouds and rain or snow fall. The larger

questions of meteorology concerning the slow seasonal A^ariations,

which depend upon special solar actions, and which mark the effect

of solar energy expended in its most delicate and subtle forms, must
require, like the large problems of astronomy regarding the structure

of our solar system and the universe of stars, a considerable expendi-

ture of labor and the lapse of no little time to arrive at an ultimate

solution. Each generation has therefore imposed upon itself, in

meteorology, as in astronomy, the duty of faithfully collecting obser-

vations of the phenomena as the}* occur in their day. In view of the

distinct practical return which the Weather Bureau has been able to

make to the public for the expense of its maintenance there has never

been any disposition on the part of the people to omit to provide for

such current scientific researches as the benefit of future generations

seems to call for.



SOME EXAMPLES OF THE DEVELOPMENT OF KNOWL-
EDGE CONCERNING ANIMAL DISEASES.

ByD. E. Salmon, D. V. M.,

Chief of tlie Bureau of Animal Industry,

INTRODUCTION.

The acquirement of knowledge in the domain of animal diseases

during the century now closing has been constant and amazing, and
compares favorably with the advancement in other branches of science

which, with the zeal and activity of investigators, has attracted the

wonder and admiration of the world. While something is known
even to the general reader of the progress of knowledge in this field,

and of the usefulness of this knowledge in explaining and preventing

the diseases of man, there are comparativelyfewwhohave an adequate

conception of the vast array of facts which have been accumulated

and the revolution which these facts have brought in the prevailing

ideas as to the nature of the various diseases and the methods by
which they should be treated. To enter into all the details of the

development of this subject during the century would require the

writing of a series of volumes on the respective subdivisions, which,

when completed, would be of professional rather than popular interest.

A review of this character is manifestly impossible, even if such
detail were desirable, in a Yearbook paper. The writer, therefore,

deems it wise to confine himself to the work that has been done
upon a few great problems which are, or should be, of interest to

the many, and the elucidation of which has done most to ameliorate

the condition of mankind as well as that of the domesticated animals.

The beginning of the nineteenth century almost defines the line at

which the old and fantastic doctrines on animal pathology began to

crumble and to be replaced by facts and scientific principles. Pre-

vious to that time a more or less elaborate system had been compiled,

based upon observations made during the past history of the world;

but as the ideas in regard to the structure and activities of the animal
body were in many cases crude and erroneous, it is not surprising

that the conceptions of disease were often distorted and strange, as

viewed from the standpoint of our present knowledge. What is it that

has brought light out of the darkness and order out of the chaos of the

preceding centuries? What new factor, what change of method, was
introduced with this century which accounts for the overthrow of the

93



94 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

old doctrines that had been built up from the world's previous expe-

rience, and the substitution for these doctrines of definite and accu-

rate knowledge? The answer to these questions is as interesting as

the story of the achievements, and is of particular value at the present

time. It should be a guide to us in directing the forces that will in

all human probability make the twentieth century even more glorious

in its accomplishments than the one which preceded it. The purpose

of this paper is, therefore, not only to show the great strides of

progress, but to indicate how this progress lias been made.

INEFFECTIVENESS OF OBSERVATION WITHOUT EXPERIMENTATION.

It was in the early part of the seventeenth century that Bacon
pointed out the weakness of the old speculative philosophy which

built a great superstructure of doctrine or theory upon a foundation

having a minimum of substantial fact and evidence. Such structures

were without stability; they represented the individual workings of

the philosopher's mind rather than the truths of nature, and for that

reason they were constantly toppling over, to be replaced by another

philosophic effort no more substantial than the first. Although Bacon
at that time clearly demonstrated the necessity of first gathering all

available facts and of interpreting these without preconceived bias by
the inductive method, it was long before these teachings had their

legitimate influence, either in human or veterinary medicine, and they

are by no means universally accepted, outside of the scientific world,

even at the present day.

The great question has always been, How are the facts relating to

any branch of natural science to be obtained? The philosophers of

the old school said, "by observation and deduction;" and they have

their followers to-day who seek to direct, through legislative enact-

ment, that physiological and pathological investigations shall be

limited to "observation." But, if there is one great truth which

stands out more prominently than others in the history of the progress

of science, it is that observation, as contrasted with experimentation,

is of itself insufficient to solve the problems or lead to an accurate

comprehension of the facts.

EFFORTS TO DISCOVER THE CIRCULATION OF THE BLOOD BY OBSERVATION.

The insufficiency of observation without experimentation is dem-

onstrated by the long-continued efforts to discover and explain the

action and use of the heart, the arteries, the veins, and the blood.

For hundreds of years the anxious students of physiology had made
observations upon the living and the dead subject, but the mystery,

ever elusive, had baffled the keenest vision. Thus, Hippocrates

(460 B. C.) knew something of the movement of the blood. Aristotle

(384 B. C.) taught that in man and the higher animals the blood was
elaborated from the food in the liver, thence carried to the heart, and
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sent by this organ through the veins over the body. Praxagoras of

Cos (341 B. C.) distinguished the arteries from the veins and regarded

the former as air vessels. Erasistratus (304 B. C.) and Herophilus,

of the Alexandrian school, taught that, while the veins carried blood

from the heart to the organs of the body, the arteries carried a subtle

kind of air or spirit. Galen (130 A. D.) discovered that the arteries

were not merely air pipes, but contained blood. Servetus (1553)

added to this knowledge the belief that the blood flowed from the

heart to the lungs and from the lungs back to the heart. Thus, the

studies and observations of two thousand years had only given a very

incomplete and Lnaccurate idea of the circulation, leaving the great

centra] fact of the heart's influence unknown and unsuspected.

HARVEY'S EXPERIMENTS FOR THE DISCOVERY OP THE MOVEMENTS OF THE HEART
AND BLOOD.

It remained for Harvey (1578-1657), the great contemporary of

Bacon, to elucidate the subject most thoroughly by a long series of

experiment 3 upon living animals. lie 1 ells us that he began his inves-

tigations into the movements of the heart and blood by experimenting
and seeing the phenomena in living animals. He minutely described

what he saw in pigs, dogs, serpents, frogs, and fishes. He even made
use of slugs, oysters, lobsters, and insects, and lastly of the chick

while still in the shell. He particularly described his observations and
experiments on the ventricles, the auricles, the arteries, and the veins,

lie explained the mechanism of the valves in the veins, showing that

their function was not to mod. 'rate the flow of blood from the heart,

as Fabricius believed, but to favor its return to the heart. He clearly

demonstrated the effect of obstruction of the bloodstream in arteries

and veins by the forceps in the case of a snake and by a ligature on
the arm of a man. He proved that i: is the contraction, not the dila-

tion, of the heart that coincides with the pulse; that the pulse is not

produced by the arteries expanding and filling themselves, but by the

blood being forced into them and causing their enlargement; that

there are no pores in the septum of the heart, and that all of the blood
in the right ventricle is sent to the lungs and returned by the pul-

monary veins to the left side of the heart, being forced again by the

left ventricle into the arteries, round by the smaller veins into the

vena? cava1
, through which it is brought back to the right side of the

heart, making a complete circulation; that the blood in the arteries

and that in the veins is the same blood; that the action of the right

and left sides of the heart, auricles, ventricles, and valves, is the same,
the mechanism in both being for the reception and propulsion of liquid

and not of air; that there is no to-and-fro undulation in the veins, but
a constant stream; that the dynamical starting point of the blood is

the heart and not the liver. (Pye-Smith.)

All of these conclusions were revolutionary in their effect upon the
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doctrines of the times, and thus Harvey, by a few 3
Tears of experi-

mentation, completed the solution of this great problem, and con-

tributed more in the way of definite facts to sustain his views and to

clearly explain the phenomena of the circulation than had been fur-

nished by all his predecessors from Hippocrates to his own time.

COMMENCEMENT OF SYSTEMATIC. STUDY IN VETERINARY SCIENCE.

It was not until after the middle of the eighteenth century that

veterinary schools were established and systematic instruction in ani-

mal pathology was commenced. Previous to that time there had
been published some remarkable treatises on the diseases of animals,

but the building up of the science may be said to have had its begin-

ning at the foundation of the schools dedicated to the investigation

and teaching of veterinary medicine. The first veterinary school was
established at Lyons, France, in 1761; the second at Alfort, near

Paris, in 1765. These were followed by one at Copenhagen, in 1773;

Vienna, in 1775; Berlin, in 1790, and London, in 1791.

The beginning of the nineteenth century, therefore, found veteri-

nary instruction in progress in the principal countries of Europe, and

considerable literature suitable for text-books was already accessible.

The study of the subject Avas stimulated not only by the establish-

ment of the schools, but by the invasion of deadly epizootics, which

had followed the course of the armies to all parts of the Continent

and which threatened the annihilation of the domesticated animals.

Knowledge of these plagues and the best means of controlling them
had become essential to the existence of animal husbandly and the

maintenance of the food supply. The accumulation of facts and cor-

rect views concerning these diseases was the greatest task of the vet-

erinary profession, and the progress of this work is perhaps the best

general indication that can be accepted in regard to the development

of animal pathology.

GLANDERS AND FARCY.

One of the most terrible plagues of equine animals is called glan-

ders when it affects the air passages and lungs, and farcy when it

appears upon the skin. The principal symptoms are a discharge from

the nose, ulceration of the inside of the nasal passages, particularly

of the septum, enlargement of the glands under the jaw, and pustules

of the skin. This disease, from which there is seldom recovery, was

known to the Greek and Latin writers as one of the most serious dis-

eases of horses and asses, and its contagiousness was quite generally

admitted.
EARLY VIEWS REGARDINO GLANDERS.

About 1719 the elder Lafosse, of Paris, began to teach the spon-

taneous origin of glanders, and endeavored to show from theoretical

considerations and clinical observation that this was a purely local

disease of an inflammatory nature and could not be contagious. At
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first this view was combated by many practitioners and by the vet-

erinary schools, but being in harmony with certain medical doctrines

it gained adherents, was taken up by the Alfort school, at first timidly

and later with all the energy and eloquence of Renault, Delafond, and
II. Bouley, and became predominant in France and perhaps also in

Germany.

Renault thought thai the disease might originate as a consequence
of the absorption of pus from suppurating surfaces or abscesses, and
this view was largely accepted. II. Bouley substituted the hypothe-

sis that its origin was due to the exhaustion of the vital forces as a

result of bad hygienic conditions or excessive work. Those who speci-

fied instances where the disease spread from an affected horse to

others were met by the citation of instances where it did not spread.

As II. Bouley afterwards admitted, the advocates of the hypothesis of

noncontagion and spontaneous generation, by a singular disposition

of mind, believed themselves authorized to invoke against the fads
which proved contagion other facts where contagion did no1 result.

Tlris was the consequence of wrong methods of investigation and of

improper use of evidence. Positive evidence establishes a fact : neg-

ative evidence can not overthrow positive evidence. It was by not

understanding this apparently axiomatic proposition that the errone-

ous views in regard to the causation of glanders were so widely

accepted and did so much harm.

The veterinarians of France, especially those of the army, were
largely from the Alfort school, and, acting upon the teachings which
they had received, they no longer treated glanders as a contagious dis-

ease, but permitted the retention of diseased animals and allowed.

these to be stabled with healthy ones without precautions to guard
against communication. The inevitable happened, and the conti-

nental countries were overrun with glanders. The cavalry horses in

particular were decimated, and thousands thai became useless for the

army were sold to civilians and served to propagate the contagion

upon the farms, the very fountain head of the equine supply. From
1830 to 1840 the condition was almost intolerable, and the disease was
becoming more and more prevalent. Those observers who believed

the disease due to contagion were everywhere met by others equally
ere and able who believed it of spontaneous origin. It is a strik-

ing example of the difficulties of settling such questions by clinical

observation alone.

EXPERIMENTS REGARDING THE CONTAGIOUSNESS OF GLANDERS.

In November, 1830, the French war department undertook to have
the question of the contagiousness of glanders settled by experimental
investigation. A commission was appointed, the members of which
were mostly partisans of the doctrine of noncontagion, and evidently

strongly biased, for after more than three years' investigation, in

1 a 09 7
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which 138 healthy horses were used, they were still unable to reach

a decision. The minister of Avar then added to the commission a

number of eminent men. members of the Academy of Sciences, who
came with unprejudiced minds and a scientific spirit to the study of

this important problem.

In 1837 an incident had occurred which had served to check to a

certain extent the enthusiasm of those who denied the contagiousness

of the disease. In this year Rayer recognized that a man who came
under his observation was affected with a disease resembling glanders.

Such cases, it appears, were not uncommon, but had been designated

as putrid, or adynamic, fever. Investigation developed two facts of

importance: First, the subject was a stable man, and as such had
been intimately associated with horses; secondly, some of the horses

which had been under his care were ascertained to be affected with

glanders. This was strongly corroborative of Raver's diagnosis, but

it was not sufficient to meet the arguments of those who thought

otherwise. Might not the occupation of the man ami the presence of

glandered horses be simply coincidences and without bearing upon
the origin of the disease? It was necessary to prove the identity

of the disease in the man with the well-known glanders of the horse.

How was this to be done? Obviously not by disputation or by clinical

observation, for these methods were incapable of reaching a definite

and incontestable decision. There was but one course that had in it

the promise of success, and that was experimentation. If the disease

with which the groom was affected could be inoculated upon a horse,

and if this horse developed the characteristic symptoms of glanders,

then this would constitute a demonstration that the man was suffering

from the equine disease. Fortunately for science and for humanity,

this test was made. The liquids from the diseased regions of the

man proved extremely virulent when inoculated upon the horse, and
the disease which developed was glanders with all its well-known

characteristics.

Rayer, who had investigated this case of glanders in man, was added

to the commission of inquiry, as was also the well-known Boussingault.

The strongest partisans of noncontagion were Renault and Magendie,

both members of the commission. October 8, 1811, ten horses, care-

fully selected and perfectly healthy, were stabled, with eleven other

horses which presented the symptoms of chronic glanders. Each of

the healthy animals was placed between two diseased ones, in order

to intensify the contagion to which they were exposed, in case such

contagion existed. Only eleven days had passed when four of the

healthy horses presented symptoms which indicated that they had

been infected. On November 22 there were only two horses remain-

ing which did not show symptoms of infection. December 4 glanders

with all its characteristics had developed in one of the horses, and by
February 11 three more horses were in the same condition. As a result
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of about four months' close association nine out of ten healthy horses

showed symptoms of glanders, and with four of these the disease was

so fully developed as to be entirely characteristic.

The commission caused two of these horses to be killed, and on

post-mortem examination found all the lesions of chronic glanders.

The mucous membrane of the trachea and bronchi was covered with

ulcerations, among which were found cicatrices, which Renault be-

lieved justified him in suspecting that the animals had been affected

before the beginning of the experiment. However slight may have

been the grounds for doubt, after the first experiment, it was decided

thai anothertesl should bemade. This was commenced April 1 1, 1S42,

with sev.n selected horses, which were placed two by two in the

siahles, so that each healthy horse would conic in contact only upon
one side wit h a glandered horse. By August 7 glanders had developed

in every one of these experimental animals.

I ust previous to these last-menl ioned invest igations, that- is, in 1840,

a special commission composed of officers of the different branches of

the cavalry service, which had been charged to submit apian of a

model stable in which should be united the most advantageous hygienic

conditions, made a report attributing the development of glanders

among cavalry horses to the unsanitary conditions of the stables. An
academic commission reported by the younger Bouley held the same
opinion and thought that the bad const ruction of the cavalry quarters,

the unhealthfulness of the stables, the crowding of the animals, and

the vitiation of the atmosphere should be placed among the principal

causes of what was called spontaneous glanders. Contagion, the true

cause of the disease, was left out of consideration or given an entirely

subordinate position, while attention was concent rated upon conditions

which, at most, could but favor, to a certain extent, the propagation

of the infect ion. Does not this bring to mind the contentions now
being made by those who wish to find the cause of tuberculosis in

some other agency than contagion and who invoke the influence of

the identical conditions which the French military commission of 1840

found sufficient to explain the origin of glanders? H. Bouley, one

of the most able contestants of the theory of contagion, and who
afterwards frankly admitted his error, says in regard to the project

i'nv eradicating the disease by reconstructing the stables:

If the certainty had been acquired, as it has been to-day, that contagion alone

was the cause, and that to guard against it was sufficient to avoid the ruinous

losses which glanders then occasioned, there is no doubt that the reconstructions

proposed would not have been undertaken, or, at least, that they would have been
upon a smaller scale and the expenses distributed over a larger number of years.

CONTAGIOUSNESS OF GLANDERS DETERMINED AND EFFORTS TO CONTROL THE
DISEASE.

One other question remained to be solved. It was held by some
that acute glanders might be contagious, while the chronic form, that
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usually encountered in the horse, could not be communicated. In

the experiments which have been already mentioned the persons who
held to this opinion thought that the contagion was explained by the

disease having assumed an acute form in some of the animals to which
exposure had been made. To answer this contention Saint-Cyr made
a series of inoculation experiments, reiDorted in 1863, from which he
concluded

:

Under all its forms, in all its degrees, in all its conditions, in all its stages, and,

finally, at every instant of its existence, glanders is contagions; and there is

always danger of contagion, not possible, eventual, or conditional danger, but
certain, actual, and always menacing danger.

This ended, in France, the contest over the contagiousness of glan-

ders. A similar difference of opinion had existed in other countries,

especially in Germany, but the problem was solved for all by experi-

mental exposures to the contagion or by inoculation. Without these

experiments upon living animals it is impossible to conceive how the

views of those who interpreted differently the facts of observation

could have been harmonized; and in the presence of doubt on the

essential question of contagion or spontaneous origin, Hliere was and
always would have been hesitation and lack of thoroughness in apply-

ing preventive measures and in enforcing regulations for eradicating

the disease?

After settling the question of contagion there were still two great

problems which confronted the veterinarian in his efforts to con-

trol this disease. The first of these related to the cause of the

disease; and while there was ignorance in regard to this it was
impossible to have an intelligent comprehension of the conditions

under which the contagion survived or of the kind and strength of

disinfectants required for its destruction. This problem was solved

simultaneously during the year 1882 by Bouchard, Capitan, and
Charrin, in France, and by Loeffler and Sehuetz, in Germany. Here,

again, inoculation experiments were absolutely necessary to demon-
strate that the suspected bacillus was the cause of the disease.

Numerous forms of bacteria are usually obtained by making cultures

from virulent material, and there is no way of learning which variety

produces the disease except by making the trial, that is, bjT inoculat-

ing susceptible animals with a pure culture of each of these micro-

organisms. In that manner the bacillus of glanders, now known as

the Bacillus mallei, was proved to be the active agent of the conta-

gion, and the acquisition of this fact has brought with it a flood of

light that lias served to clear up the doubt and confusion of earlier

years.

The second great problem was to find a speedy and certain method
of diagnosing the disease. Glanders with horses is usually a chronic

malady, which in its first stages presents very slight and indefinite

symptoms that are entirely insufficient to enable the observer to state
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positively that the animal is affected with this dangerous and fatal

disease. Nevertheless, the disease is contagious at that period and

is liable to be disseminated to other horses and to the attendants;

indeed, it is the animals that have failed to develop characteristic

symptoms which are most dangerous, since very often they are not

even suspected as sources of contagion. Sometimes affected horses

Live for several years in this condition, and attention is only attracted

to them finally because a series of horses which have been exposed to

them have successively developed the disease. Even aftersuch horses

were suspected it was a most difficull and embarrassing matter for the

veterinarian to produce sufficient evidence to warrant their destruc-

tion, particularly if they happened to be valuable or if the owners
were at laclied to them. This difficulty of diagnosis was largely respon-

sible for the continuance of the contagion, and it was especially felt

in large stables containing many horses and where it was conse-

quent lyessenl ial to successful treatment to have every affected animal

removed.

The first efforts to aid clinical observation in making a diagnosis

were by inoculation. Either the suspected horse was inoculated with

its own nasal discharge (auto-inoculation) or another individual of

the equine species was used for this purpose. Very often satisfactory

evidence of glanders could be obtained in this way, but in far too

many cases the results wwo uncertain or unreliable. With the bac-

teriological studies and the inoculation of small animals came the

knowledge that the guinea pig was very sensitive to this contagion,

and that, if inoculated in a proper manner, it would present charac-

teristic symptoms in a few days. This was an extremely valuable dis^-

eovery, and where only one or at most a small number of horses wen-

suspected, it made it possible for the veterinarian to reach a quick
and reliable decision.

JUSTIFIABLENESS OP INOCULATIONS IN (iLANDERS.

The question is now raised as to whether these inoculations are

justifiable, and the ant i vivisection societies, with many of the humane
societies, have joined in an effort to secure legislation to make it a

criminal offense to conduct such experiments upon living animals.

The ethical questions relating to the alleged wrong of causing suffer-

ing to an innocent guinea pig, either for the advancement of science

or the diagnosis of a disease, are too broad to receive more than a mere
mention in this connection. It may be admitted, however, that so

long as we acknowledge the right and the morality of raising animals
to be slaughtered for food, and so long as we permit such a painful

operation as castration to be performed on millions upon millions Of

individuals to make them more docile, to cause them to fatten more
readily, to improve the quality of the meat—in a word, for the finan-

cial profit which arises from the operation—it is inconsistent to deny
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the propriety of a method of experimentation which in the aggregate

has saved much more distress than it has caused and which is essen-

tial to the advancement of medical knowledge. In the case which has

just been mentioned, for instance, it may be asked whether the practi-

tioner would be justified in leaving a horse suspected of glanders to

come in contact with other animals, perhaps to communicate the

disease to some human being, when he could definitely decide the

question by inoculating two or three guinea pigs. It might be said

that a suspected horse should be put in quarantine in order to pre-

vent such untoward consequences, but there are all degrees of suspi-

cion, and a horse can not be quarantined under the law and his owner

put to expense and loss without some evidence. It is a question of

danger and suffering with men and horses on the one side and with

guinea pigs on the other. Under such circumstances the objections

appear unworthy of serious consideration.

THE MALLEIX TEST FOR GLAXDERS.

Fortunately, a continuation of the experiments with living animals

has led to a discovery which largely does away with the necessity of

inoculating guinea pigs or other creatures in order to make a diagno-

sis in the doubtful cases to which reference has been made. In cul-

tivating the bacillus of glanders it was observed that it produced

during its growth a toxic substance which, when injected into the

tissues of an animal affected with glanders, caused a local swelling

and raised the body temperature to such a marked extent as to be of

great assistance in making a diagnosis. This toxin is called malleiu,

and the experiment of injecting it for the purpose of making a diag-

nosis is called the mallein test. It is particularly useful in cases

where a large number of horses which are stabled together have been
exposed, and where it is, consequently, of the utmost importance

that those which have become infected shall be recognized and
removed at the earliest moment. It may not be quite as accurate a test

as the inoculation of guinea pigs, but it is more expeditious, less expen-

sive, and .saves the guinea pig from dying of glanders, though it may
eventually die of some other disease equally painful, even if it does

not contract it by inoculation.

In addition to the investigations to which reference has been made,
there have been many others yielding much information in regard to

the pathological anatomy, histology, and pathology of glanders which
for want of space can not receive consideration.

VARIOLA (COWPOX, HORSEPOX).

Some time during the sixth century there was introduced into Europe
one of the most horrible and fatal diseases from which mankind has
ev«r suffered. This disease, now known as variola, or smallpox, is no
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longer greatly feared, bin at that time and through the middle ;

and in t'a<i down to the beginning of the nineteenth century, it was a

irge that could neither be avoided nor conquered. Practically

every adult person's face showed the scars. One-tenth of the deaths

were caused by it. In England in 1796 the death rate readied the

highest point, being 18^ in every 100 deaths from all causes. No
city or district was long free from it. People exposed themselves

to it or were inoculated with the contagion in order to have an attack

under as favorable circumstances as possible, and thus secure immu-
nity tor the future. Inoculation was of some benefit—often produced

a comparatively mild form of the disease and gave immunity; it had
the great disadvantages, however, that it frequently caused a fatal

attack, and, in all forms, it kept up and spread the contagion.

JENNER'S DISCOVER"? OF A PREVENTIVE OF SMALLPOX.

In 1798 Edward Jenner announced bis discovery that smallpox

might be prevented by inoculation with the virus of cowpox, and that

cowpox was identical with a disease of horses known by the farriers

as grease, or -ore heels. This discovery has been of such enormous

advantage to humanity, and there have been so many questions raised

relative to the nature of the so-called grease of horses, from which

nates, that it is of unusual interest to impure how Joi-

ner's discovery was made and what developments in our knowledge
of the disease have since occurred.

There is no doubt that there was a popular belief in Jenner's nal ive

county of Gloucestershire, England, to the effecl that the men and
women who milked the c >ws and who developed the vesicular erup-

tion of "the cow disease," would not afterwards contract smallpox.

To what extent this belief was held in that section of England, and
whether it existed in other countries, arc subjects in regard to which

there is little reliable information. It is certain that those physicians

of the period who had heard of the belief regarded it as due to an

erroneous interpretation of facts, but Jenner's conclusions were

i so promptly that we are justified in concluding that the

skepticism ami opposition were not greater than might reasonably be

expected toward a similar discovery at the present day.

As an indication of the wonderful change which has been brought

about since the introduction of vaccination, the writer has taken the

latest mortality statistics compiled by the Marine-Hospital Serv

based upon the returns from 1,597 cities and towns in the United States,

for the year ending December 31, 1897. The population covered was
22,i72. 334, the total number of deaths 338,994, the number of deaths

from smallpox 44, being in the proportion of 1 to 7,704.

How did Jenner make this discovery? How did he determine that

the belief of certain people of his county in the protective power of

the cowpox eruption against the dreaded smallpox was more worthy
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of credence than the opinion of others that it did not have this effect?

He accomplished this in the only possible way—by experimentation.

A boy was vaccinated from a pustule upon the hand of a milkmaid

which had been contracted in milking affected cows. The vaccina-

tion produced the pustule so well known at the present day, as the

result of this operation. After recovery from the vaccination the

boy was inoculated with smallpox virus, an operation then very com-

mon in England. From this inoculation there were only the effects

usually seen following the inoculation of persons who had recovered

from an attack of smallpox.

.Tenner went a step further and inoculated another child with virus

taken from a pustule upon the teat of a cow in an outbreak of the

so-called spontaneous cowpox. This child also developed a pustule

at the point of inoculation, with slight general symptoms of illness.

Starting from this child many arm-to-arm inoculations were made,

proving the characteristic appearance of the disease and that it could

be propagated indefinitely.

Jenner also cited the case of a farrier who, in caring for horses

affected with a disease called grease, had contracted an eruption of

the hands with ulceration and suppuration that was accompanied with

quite severe illness. Six years later Jenner inoculated this man at

different times upon the arms with smallpox virus and only succeeded

in producing slight inflammation, which soon disappeared. An iden-

tical observation was made with a farmer who had contracted an erup-

tion by taking care of a horse having this disease of the pasterns

called grease. It was also observed that when the horses having this

eruption were cared for by the same men who milked the cows the

disease was carried by these men and caused the eruption of cowpox.

ORIGIN OP COWPOX.

The belief of Jenner that cowpox originates from the inflammation

of the skin of the horse's pastern, properly known as grease, has been

generally accepted, and we still find the statement in medical works
that grease, or equinia mitis, is the origin of cowpox. Now, what is

this grease which is communicable to the cow, and from the cow to

man, granting such remarkable immunity from smallpox? The dis-

ease known to the veterinarian as grease is a more or less aggravated

inflammation of the skin of the heels and adjacent parts of the horse,

with cracks and fissures, from which there is an offensive discharge,

which looks greasy, but which is really a serous exudation. This

inflammation may increase until the whole surface is ulcerated and

covered by fleshy excrescences slightly resembling grapes in form, and
in this stage was popularly called "the grapes." This disease arises

from irritation due to moisture, mud, and tilth in contact with the skin

of the lower part of the limbs. It is not contagious ; i noculation from it

produces nothing resembling the vaccine vesicle, and for many years



KNOWLEDGE CONCERNING ANIMAL DISEASES. 105

it was a mystery how Jenner could have found in \h\< local and spon-

taneous disease tin 1 origin of eowpox.

In 1802 Dr. Loy, of England, published an "Account of some experi-

ments on the origin of eowpox," in which he slated that the horses

which communicate the eruption to the men who groom them have at

the commencement of the disease symptoms of fever and marked
indisposition, which subsides after the appearance of an eruption

upon the heels and upon the skin of the greater part of the body.

Loy, desiring to confirm the experiments of Jenner, did not hesitate

to inoculate his own brother, with the result that after a few days

inflammatory symptoms appeared, followed on the eighth day by a

vesicle, with slighl symptoms of fever, which continued for a day or

two. This eruption had precisely the characters of the true vaccine.

In another experimenl Loy inoculated the udder of a cow with (dear*

lymph taken from the heel of an affected horse, which produced a

characteristic Vaccine vesicle. The limpid fluid from the vesicle on

the cow's adder was used to vaccinate a child, and produced a vesicle

which completely protected from an inoculation with smallpox virus

made on the ninth day. Loy also inoculated directly from the ves-

icle on the horse t<> the arm of a child, and successfully produced the

vaccine vesicle. From this child three other children were success-

fully inoculated, and their immunity was afterwards tested by inocu-

lation with smallpox virus. With none of them did the smallpox

inoculation produce more than a very slight inflammation, winch dis-

appeared by the fifth day.

This extremely valuable work of hoy's appears to have been lost

sight of for many years, and veterinarians and physicians sought in

vain in the various local affections of horses' feet for the virus of

eowpox. Chapped heeds, grease, and even fistulas furnished material

for unsuccessful inoculations, and some of the ablest men of the first

half of the century absolutely denied that eowpox could originate in

this manner. This opinion was due to the failure of Jenner to

describe the disease of horses from which the virus was obtained,

and to the ignorance of the farriers, which led them to confound
widely different diseases under the one name of "grease." Loy's

description, in winch he (dearly points out the general symptoms pre-

ceding the eruption with the horse, and the appearance of vesicles

on various parts of the surface of the body, should have been an

indication of the cause of failure, but did not attract attention at

the time.

The great veterinarians of England, including Coleman and Per-

cival, denied the existence of a disease of horses which could be

communicated to cows and produce eowpox, and it was not until sixty

years after the observations and experiments of Jenner and Loy that

the mystery was cleared up and the facts demonstrated.

The rediscovery of the variola of the horse was largely accidental.
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In the spring of 1860 a number of horses near Toulouse, France, were

affected with a disease which seemed to be of an epizootic character;

in less than three weeks it appeared in more than a hundred animals.

According to Sarrans, the veterinarian in charge, this disease began

with a slight fever, soon followed by swelling of the hocks, with heat

and tenderness of the skin, and the appearance of many little pus-

tules on the surface of the swollen parts. In three to live days a

purulent discharge began, which lasted eight or ten days, during

which the inflammatory symptoms gradually disappeared. After this

second stage the pustules gradually became dry, and from the

fifteenth day the crusts and matted hair began to fall, leaving scars

of variable development. The pustules did not appear on the limbs

only, but also upon different parts of the body, particularly about the

nose, lips, thighs, and vulva.

Sarrans did not recognize in this disease the '"grease "of .Tenner,

but he did observe its contagious character. No cows were affected,

because the persons taking care of the horses did not engage in milk-

ing, and there was no opportunity for transferring the contagion. It

is, therefore, probable that the nature of the malady would not

have been discovered had not one of the affected horses been taken

to Professor Lafosse, of the Toulouse veterinary school. At the first

visit only febrile symptoms could be made out, but eight days later

the animal was suffering from lameness, with swelling of the left pos-

terior pastern, which was hot, painful, and covered with pustules,

discharging an ammoniacal liquid less fetid than the exudation of

grease.

It occurred to Lafosse that this was the acute form of grease, and
probably the disease to which Jenner had traced the origin of cowpox.

He therefore inoculated the udder of a cow with this equine dis-

charge, which he believed was the product of the initial period of

grease (eaux-aux-jambes). The success of this inoculation was com-
plete, and in eight days a pustule appeared at each point where the

virus had been inserted. These elevations were large, flat, firm, and
circular, with a central depression. There could be no mistake; these

pustules were the cowpox of Jenner, drawn from their equine source,

and they confirmed the accuracy of the conclusions of that eminent
investigator.

In order that the demonstration might be complete, a second cow
was inoculated from the pustules of the first, causing a typical cow-
pox eruption, which was in turn inoculated successfully upon a child

and a horse. A second child was inoculated with virus taken from
this horse ami developed a typical vaccine vesicle. Finally, compara-
tive inoculations were made with virus of equine origin and with the

ordinary vaccine, which demonsl rated that the former produced larger

and better developed vesicles, bid which were slower in their evolu-

tion than the hitler.
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HORSEPOX.

There was here satisfactory experimental demonstration that this

horse disease was identical with cowpox, but what was the horse dis-

ease? Lafosse at first considered it the early stage of the acute form

of grease, but as it developed he observed the continent pustules

developing upon the pasterns and fetlocks, and afterwards dissemi-

nated over oilier parts of the bod}-, particularly upon the lips and

nose. This differentiated the affection from grease and proved it to

be a specific eruptive disease. It was now plain why there had been

failure for so many years to obtain the cowpox vesicle by inoculating

with the discharge from greasy heels and fistulas of the feet. Two
entirely d;fferen1 and distinct diseases had been confounded under
the same name.

These unexpected results obtained at Toulouse led II. Bouley, of*

the Alfort veterinary school, to undertake, in 18G3, the inoculation

upon the cow of all eruptive diseases of the horse which by chance

came under his observation in his daily clinics. Strangely enough, the

very firsl disease that he inoculated produced a clearly defined case

of cowpox. What was this disease of the horse? It could not be

designated "sore heels," since it was localized in the head, and con-

sisted (•!' small blisters, the size of a pea, upon the mucous membrane
of the lips, the lower surface of the tongue, the inner face of the

cheeks, and the gums. There was no trace of the eruption except

within the mouth.

During the next few months this horse disease, which was capable

of generating cowpox, appeared in the clinics of Alfort under all the

various forms which it is capable of assuming. At one time localized

in the pasterns, as seen byJenner, at other times affecting the hocks,

the general surface of the body, the nose, or the internal surface of

the mouth; it at lirsi appeared inexplicable that all of these different

manifestations of disease should produce cowpox when inoculated

upon the adders <>f bovine animals. "If I was able to recognize the

specific nature of the disease," says Bouley, "it was owing to the

course that I had adopted of interrogating by inoculation all the

eruptive diseases of the horse that the chances of the clinic brought

under my eyes."

When all the evidence from these and other inoculation experiments

was brought together, it became plain that what had been regarded

as a number of distinct diseases was in reality but one and the same
contagion affecting different parts of the horse's body. When this

contagion was transferred from animal to animal by the shoer in

handling the lower part of the limbs, the eruption wTas usually con-

fined to the pasterns and fetlocks. When the communication was by
means of the currycomb and brush, the pustules were disseminated

over the surface of the body, but appeared particularly where the skin

was thinnest and the virus most easily introduced, as upon the neck,
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thighs, and hocks. When the animal contracted the disease by

smelling of affected individuals or rubbing its nose against them, the

eruption very naturally occurred upon the skin of the lips and nose

and upon the mucous membrane of the interior of the nostrils. When
the virus was taken into the mouth with contaminated forage, the

vesicles appeared upon the mucous membrane of the lips, tongue, and

cheeks. And, finally, when the contagion was communicated by the

act of copulation, the eruption was seen upon the external organs of

generation. To this specific disease, which appeared under so many
forms, II. Bouley gave the appropriate name of horsepox.

RELATION OF SMALLPOX, COWPOX, AND HORSEPOX.

Whether the virus of this disease is taken from the horse or cow

and inoculated upon a susceptible human being, it produces substan-

tially the same effects—a characteristic vesicle with regular course of

development, which confers immunity, more or less complete, from

smallpox. This remarkable result has raised the question as to the

relation which exists between smallpox, on the one hand, and horsepox

and cowpox, on the other. Are these essentially one and the same

disease, due to contagion of the same origin, but which has been

modified by developing in different animal species for a series of

generations? or, are they distinct, different, and incapable of being

changed one into the other? There have been man}^ investigations

made with a view of settling this question, which have been variously

interpreted, but for most pathologists it is probably still held as unde-

cided. The experiments upon animals as well as upon mankind
prove that cowpox grants immunity from smallpox and smallpox from

cowpox; and it is, therefore, reasonable to conclude that they are

closely related, if not identical, in origin. It has, however, been

shown to be very difficult, if not impossible, to transform smallpox

into cowpox by inoculating the virus upon a series of bovine animals,

and in the few cases where it is supposed that this was accomplished

there are reasons for doubting the correctness of the conclusion.

EXPERIMENTAL INOCULATIONS UPON ANIMALS AND CHILDREN.

What strikes the student of methods as most conclusive in the his-

tory of the development of our knowledge of variola is the prominence

of experimental inoculations upon animals and children. The clinical

observer had problems presented to him which he was unable to solve

by observation alone, and in order to clear up the mysteries and obtain

Light he was obliged to combine experimentation with observation.

There are those, no doubt, who will be horrified by the references to

M ese experiments upon children, but it should be remembered that

at that period smallpox was the great destroyer of children; that they

were frequently and purposely exposed to it- or inoculated with its

virus in order that- they might have an attack at a favorable time and



KNOWLEDGE CONCERNING ANIMAL DISEASES. 109

obtain immunity. Smallpox inoculation, if not as common as the

vaccination of the present day, was certainly very largely practiced.

Under such circumstances, the inoculation of children with smallpox
virus, after they had been vaccinated with cowpox, is no more to bo-

condemned than the general practice of inoculation, which before the
discovery of vaccination was so widely adopted and so useful as a

prophylactic measure.

CONTAGIOUS PLEURO-PNEUMONIA OF CATTLE.

SPREAD <>F PLEURO-PNEUMONIA.

In the early part of the eighteenth century there began to appear
accounts of an acute lung disease of cattle, which affected these animals
in the mountains of Suabia and Switzerland. This disease very slowly

extended to adjacent parts of Germany, Italy, and France, and in

L769 the first really important investigation was made of it in France
by Bourgelat, the founder of the veterinary schools, who published
an excellent account of his observations. Bourgelat described what
he saw—the symptoms, the appearance of the diseased organs, the
course of the disease, and its fatal character, lie considered that the
cause was atmospheric variations, cold and abundant rains, to which
the animals were exposed, and Midden passage from warm stables to

such rains. There is no evidence that lie suspected contagion.

During the wars of Napoleon the disease was considerably spread
over Continental Europe, hut it was not until the increased traffic

and interchange of animals, which dates from about 1820, that its

general dissemination occurred. From 1820 to 1840 it extended into

most parts of France and Germany. In 1826 Belgium was infected;

in is:;:; it reached Holland.; in L839 it was carried from Holland to

Ireland; in 1841 or 1842 it reached England, and from there was
exported to Sweden in L847. The contagion was brought to the

United States with imported cattle in 1 s4:>. It was carried to Spain in

1840, to Denmark in L848, to South Africa in 1854, and to Australia

in 1858.

During all of these years there was a constant discussion and con-

tesl between the clinical observers as to whether the disease was of

spontaneous origin or whether it was due to contagion. Ilaller, in

177o, expounded the doctrine of contagion with a clearness and force

that is surprising, and stated that even in Switzerland, the home of

pleuro-pneumonia, this disease does not arise except by contagion.

In 1792 Chabert published his "Instruction sur la peripneumonie," in

which his great influence was thrown with those who believed in con-

tagion. Nevertheless, from 1800 to 1850 the conclusion that pleuro-

pneumonia was not a contagious disease steadily gained adherents.

During this long polemic and period of uncertainty, sanitary regula-

tions were neglected, the plague spread to all parts of Europe, and
even invaded America. Before the experimental proofs of contagion
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were generally accepted -the disease had been carried to the African

and Australian continents, and practically the whole cattle-producing

world was infected.

This brief history of the invasion of a large part of the world by

one of the most serious and fatal forms of contagion demonstrates

again the impossibility of determining such pathological problems by

mere observation, and yet we are told by those who oppose experi-

mentation upon living animals that the investigator must not experi-

ment, but must confine himself to clinical observation. Let us see

how the question as to the contagiousness of bo-vine pleuro-pneumonia

was finally solved.

INVESTIGATIONS OF PLEURO-PNEUMONIA IN EUROPE.

In 1850 the prevalence of the disease had become so serious that

Dumas, then minister of agriculture, commerce, and public works of

France, appointed a commission to investigate its nature and cause.

This commission at once proceeded to test the contagiousness of

pleuro-pneumonia by experimentation. To determine the question as

to whether the disease could be communicated from a sick to a well ani-

mal, they adopted the plan of introducing sick animals into a stable

of healthy ones and noting what followed. The result of this experi-

ment was that 50 per cent of the exposed animals contracted pleuro-

pneumonia—15 per cent died and 35 per cent recovered. In addition,

30 per cent of the exposed animals contracted a cough indicative of a

very mild form of the disease, while 20 per cent appeared to entirely

resist the influence of the contagion. It is this 20 per cent, remarked

H. Bouley, which furnished the facts upon which rest the arguments

of the noncontagionists.

In Great Britain there was a similar difference of opinion on the

subject of contagion, and as late as 1859 an article was published in

the Transactions of the Highland Agricultural Societj7 of Scotland,

written by Professor Dick, principal of the Edinburgh Veterinary

College, in which he tried to prove that pleuro-pneumonia is produced

by atmospheric causes, but not by contagion.

A commission appointed in Prussia to investigate the cause and

method of transmission of this disease reported in 1852, through Ulrich,

that it was certainly contagious.

Notwithstanding this and much other experimental work, there

were many in all countries who refused to accept the evidence, and,

basing their conclusions upon clinical observation, they insisted that

the disease was of spontaneous origin and not due to contagion. This

contest over the cause of the disease led to intense opposition to

suppressive measures and permitted the continued spread and destruc-

tive effects of the contagion. In Australia the contagion might have
been stamped out if proper measures had been promptly enforced,

but tins seems to have been prevented by the obstinacy and active
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opposition of the noncontagionists. A pleuro-pneumonia commission
was appointed to investigate the question of contagion, and while

the commission investigated and gathered observations to establish

the aoncontagiousness of the disease the contagion leaped beyond the

possibility of control, and to this day (1899) its ravages unfortunately

continue among the herds <>f thai greal cattle-producing continent.

The members <>!' the Australian commission were to a man noncon-

tagionists, and they labored with all the strength of a preconceived
opinion to prove their side of the controversy. They fetched healthy

cows from Tasmania, where pleuro-pneumonia had never been, placed

them in stalls beside diseased animals, inoculated them in various

crucial ways, and then declared their inability to communicate the

fever by contagion. They reported the result to the legislature, and
based upon their failure an advice deprecating any further legislative

interference. And yet the Government printer's ink was hardly dry
upon their report when a counter report came from the butchers of

Geelong, who had boughl for slaughter the experimental bullocks,

that the animals were all diseased, unlit Corhuman food, and demanding
back their money. 1

While the methods of this commission can hardly betaken as a
model in all respects for scientific investigations, the evidence finally

obtained from their experiments was nevertheless convincing, and,
although the critical period when the disease mighl have been stamped
out was allowed to pass without decisive action, the contagiousness
of the disease is no Longer seriously contested.

INVESTIGATION-- OP PLEURO-PNEUMONIA IN THE UNITED STATES.

In the United States the experience with pleuro-pneumonia was
almost parallel with what occurred in Australia. Introduced in the

vicinity of New York City in L843, the disease appears to have been
regarded as dim to climatic conditions rather than contagion, and
was allowed to slumber without attracting much attention until it

was investigated by Gamgee in L868 and 1869. In the meantime an
importation of cattle from Holland had carried the disease to Massa-
chusetts in May, 1859. Although the nature of the disease was
recognized and brought to the attention of the legislature, the conta-
gion was allowed to spread for a year before authority was granted
for its suppression. It was then necessary to slaughter 932 animals
to dispose of all that were known to be exposed.

A year later it was found that some affected animals had eluded the
commission and that the disease still existed. There now began a
most remarkable series of delays, obstructions, and efforts on the part
of misguided persons to prevent the eradication of the plague. Com-
missioners were appointed who did not believe in the existence of a
contagious disease. The governor directed that experiments be made

1 Veterinarian. 1875, p. 681.
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to test the question of contagion, and, as so frequently happens where

scientific methods are not used, these were unsatisfactory. In 1864

the board of commissioners had again been reorganized and experi-

ments were still in progress to test the contagiousness and curability

of the disease. In 1865-66 it was stated that the commissioners had

been so far successful that but few cases had occurred during the

year. The experiments also seem to have had positive results, as it

was reported that of six animals exposed four had certainly contracted

the disease. In the report for 1866-67 the commissioners announce

the extinction of the disease, the last cases having occurred in October,

1865.

The contagion which was imported at New York was, however,

allowed to exist and spread until, in 1879, an effort was made by the

States of New York and New Jersey to eradicate it from their terri-

tory. At this time the infection existed in Connecticut, New York,

New Jersey, Pennsylvania, Maryland, District of Columbia, and

Virginia. The efforts of the States wore not well sustained and resulted

unsuccessfully, though they served to attract attention to the danger

which constantly menaced our cattle industry. The realization of

this danger led Congress in 1884 to establish the federal Bureau of

Animal Industry, the principal object in view being the investigation

of the disease and the adoption of measures for its control.

There has been much skepticism expressed by influential persons as

to the existence of pleuro-pneumoniain the United States, and doubt

as to its contagious character in case the disease were found. Opin-

ions of this nature were so freely declared that the Commissioner of

Agriculture deemed it advisable to direct an experiment to be made
which would once for all settle these questions. According to his

instructions, new stables were erected upon an island easily accessible

from the city of New York. There were but fifteen native cattle

upon this island, and there was no history of any disease ever having
appeared among them. When the stables were completed eighteen

cows and thirteen calves were brought direct from Canada, a section

where no disease having symptoms at all simulating those of pleuro-

pneumonia had been observed, and were placed in the stables erected

for this experiment. These animals were thoroughly examined by
experts and found to be entirely healthy.

It was believed that by selecting an island where no lung disease of

cattle had been known, in building new stables on well-drained land,

and in bringing health}7 cattle from a country where the disease had
never been observed, the conditions of the experiment were such that

the results would be absolutely reliable. To expose these animals in

such a manner as to test the contagiousness of the malady, five cows
selected Ln the city of Brooklyn as being affected with conta-
gion- pleuro-pneumonia were placed in the stable with the healthy
Canadian cattle. As a result of this exposure by close association,



KNOWLEDGE CONCERNING ANIMAL DISEASES. 113

twenty-two of the thirty-one experimental animals contracted pleuro-

pneumonia between September 30, 18S4-, and January 3, 1885. a period

of less than three and one-half months.

This experiment was convincing as to the existence and contagious-

ness of the disease. Within a comparatively short period 71 percent

of the exposed animals had become affected, and with a number of

these the attacks were very acute and typical in symptoms and

development, while the appearances of the lungs after the death of

the animals were perfectly characteristic.

ESS OF BXPEKIMENTAL EXPOSE tES 1ND [NOCULATIONS.

This ended the experimentation with pleuro-pneumonia in the

United States and furnished an incontestable basis for the rigorous

sanitary measures which led to the final eradication of the contagion.

What must appear to every reader as remarkable IS the doubt as to

the contagiousness of the disease which was so tenaciously held in

every affected country. It appears as though clinical observation

led more people to erroneous conclusions than to correct ones. And
where such differences of opinion resulted from observation, how was

the truth to be known? In every country the resort was finally to

rimental exposures ami inoculations, and the results of these

have been clear and satisfactory. The measures formulated in har-

mony with the conclusions drawn from the experiments have been

successful in extirpating the disease from the United States, Great

Britain, and other countries, and the question of its contagiousness

appears forever settled.

There have been numerous other questions that have been investi-

gated, and the effort to discover the active agent of the contagion has

b.en persistent and thorough. It has long been known that the serum,

or exudate, of the diseased lung was virulent, and it has been exten-

sively used for inoculation with the purpose of conferring immu-
nity. The microscopic examination of this serum and the attempts

to make cultures from it by the ordinary bacteriological methods

failed to reveal any microorganism, and it is only recently that appar-

ent success has been obtained by making such cultures in collodion

capsules placed in the abdominal cavity of an animal a sufficient time

for multiplication to take place. The microorganism obtained was

much smaller than any previously discovered and could not be

defined with existing powers of the microscope.

ANTHRAX (OR CHARBOX).

Accounts have come down to us from the earliest historical times of

outbreaks of a plague affecting man and most species of animals

which are identified by students of this subject with the disease now
known as anthrax, carbuncular fever, malignant pustule, or eharbon.

Whether the plague described by Homer in the first book of Iliad and
1 A 99 -8
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the sixth plague of the Egyptians wore or were not manifestations of

anthrax may be open to some question; but by the beginning of the

Christian era the descriptions became so clear that there is no reason

to doubt the prevalence of anthrax at that period with substantially

the same characteristics as it presents at the present day. During

the long period of the middle ages frequent outbreaks are noted,

which, with the revival of learning and the increasing attention given

to professional studies, were more often mentioned. The eighteenth

century is remarkable for the large number of epizootics of this

nature which occurred in Europe.

EARLY DESCRIPTIONS OF ANTHRAX.

As might be expected, the diagnosis at that period was far less accu-

rate than to-day, and it is not difficult to perceive that widely differ-

ent diseases were sometimes confounded under the single term of

anthrax. Thus, rinderpest was confused with anthrax during the

eighteenth century and as late as the second quarter of the nineteenth,

while blackleg, or symptomatic anthrax, and malignant oedema have

only been differentiated from it in recent years by bacteriological

researches.

Chabert (1782) gave the first systematic description of the disease

and pointed out the symptoms which were peculiar to it. He
described three forms: (1) Anthrax fever, or internal anthrax, char-

acterized by fever without external swellings; (2) essential anthrax,

manifested by external swellings without preceding general symp-

toms; (3) symptomatic anthrax, characterized by fever followed by

external swellings. The dark color of the blood and flesh, together

with the severity of the sjmiptoms, and the rapid course and fatal

termination, were characters recognized from the earliest antiquity.

INVESTIGATIONS REGARDING THE CAUSE OF ANTHRAX.

As there are numerous and extensive districts where anthrax has

been endemic and enzootic from time immemorial, and as it attacks

nearly all varieties of animals and is readily contracted by man in

caring for diseased animals, skinning carcasses, making post-mortem

examinations, eating the infected flesh, handling the skins, or sorting

the wool, the great number of cases attracted much attention and led

to constant efforts to discover the cause. The various investigators

attributed the origin of the disease to about every condition to which
the animals could possibly have been exposed. Some taught that it

was due to small, badly ventilated, and unsanitary stables; others

that it was caused by food of bad quality, forage and grain too

recently harvested, or covered with rusts or molds; still others attrib-

uted it to the herbage of artificial pastures, clover, lucern, and corn;

yet another class found its origin in atmospheric conditions, such as

issive heal and moisture; while, finally, there were those who,
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cting all of these conditions, found what they believed to be Hie

true cause in the conditions of the soil, that is, in the moisture, the

clay, and the Lime, "which were believed to coincide with the areas in

which the disease was enzootic.

Renaull and Reynal, authors of the article on charbon, in the

"Nouveau Dietionnaire de Medecine, de chirurgieet d'hygiene vcteri-

naires," writing as late as 1857, after recapitulating these various

theories, naively admitted that "the causes which give birth to

anthrax are still enveloped in a certain obscurity, in spite of the

researches of which they have been the object. Perhaps, even, it is

due t«> say thai this obscurity results from the large number of these

researches and tin- different points of view of i he observers who sought

tudy this disease, in fad there are almost as many special and

different which have been assigned to it as there are particu-

lar treat ises on tin- subject. It is here, above all, that the old aphorism

is true: Quol homines, tot sentence [minds as many as the men]."

Nevertheless, from the beginning of the century physicians had

rved that certain malignant pustules in man originated by acci-

dental inoculation from animals affected with anthrax, or from their

. and Barthelemy, in 1823, succeeded in producing the dis-

til horses and sheep by inoculation and feeding with anthrax

blood. The following year Leuret communicated the disease by trans-

fusion of blood from a diseased to a healthy hor-

These posit ive results were explained away by comparing them with

the effects which follow inoculation with putrefying animal matters,

and the most that was gained was the assumption of the putrid nature

of tic anthrax \ Lrus.

In 1836 Kilert obtained infection in every case by inoculation of

blood from sheep to sheep, from sheep to horses, and from cows to

sheep. The feeding of clover hay which had been moistened with

infectious blood and afterwards dried in the sun killed two sheep out

Of three.

One of the studies of this disease was made in 1842, under the direc-

tion of the French minister of agriculture, by Delafond, an exceed-

ingly able professor of the Abort veterinary sehool. There had b

for many years an enzootic disease affecting the sheep of La Beauce,

province of Eure-et-Loir. This is a district with ferl ile soil, favorable

to animal production, and when 1 sheep are raised and fed in 1 ..

numbers. There was but one obstacle to the maintenance of this

industry in a prosperous condition—the presence of the disease known
as sang, coup de sang, maladie de sang, or sang de rate, which
dest roved 20 per cent of the animals annually. The first fact observed
by Delafond after reaching this section was that the disease most fre-

quently attacked the animals which were youngest, which had been
thriving in the highest degree, and which promised to be the best in

the flock. Considering this fact in connection with the fertility of
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the soil, the abundance and the quality of the crops, and the liberal-

ity of the feeding, Delafond reached the conclusion that the disease

was only a condition of plethora, an excess of blood circulating in the

veins, and, above all, a predominance of red globules in this liquid.

He analyzed the soil, proving its fertility favorable to the production

of forage rich in nutritive principles; he analyzed the blood, showing

this to contain a high percentage of albumin, fibrin, and red globules;

he analyzed the plant food and found this, as he predicted, having a

high nutritive value; he examined the sick animals and the carcasses

of the dead ones, finding the distended blood vessels, the thickness of

the blood, the frequent hemorrhages, the swollen spleen, the conges-

tion and dark color of the other organs, all apparently uniting to

establish his theory that the disease was plethora, caused by too rich

and too abundant food. The frequent development of malignant

pustules in persons who handled the dead carcasses or their products

he explained as due to a septic or anthracoid alteration of the blood,

resulting from insufficient ventilation of the stables and the inhalation

of putrefactive gases.

II. Bouley afterwards remarked concerning the above report:

Nothing proves better than this document, remarkable for the logic of its

deductions, but the premises of which were a fundamental error, how difficult it is

to seize and interpret the relations of things when one has no other basis for

judgment than that which observation alone can furnish. Delafond had found a

part of the truth when he established a relation between the food supply and the

aptitude of the sheep to contract the disease. But observation could not conduct

him further and give him an accurate notion of this maladie de sang. It was

necessary to resort to experimentation, and it was because he did not invoke this

method that his researches led him into error, and that he only saw plethora in

this disease of La Beauce, the identity of which with anthrax was soon afterwards

recognized.

It was but ten years later (1852) that Boutet read before the Acad-

emy of Medicine of France a report of an experimental study of this

disease of La Beauce. He showed that the disease might be com-

municated by inoculation, by transfusion of blood, by direct contact,

and exceptionally by cohabitation. It was not only communicable

to sheep, but to horses, cattle, and rabbits. The sang de rate of the

sheep, the sang, or anthrax fever, of cattle, the anthrax fever of the

horse, the malignant pustule of man were shown by these inoculation

experiments to be one and the same disease. It was also shown that

the contagion resided in all the organs and liquids of the body and

that it might be inoculated from animal to animal indefinitely without

losing its virulence. Here at last was something definite and tangible

in regard to this disease, a foundation of fact upon which to build by

future researches.

In L845 and 1846 Gerlaeh had published papers giving accounts of

further experiments proving the contagiousness of anthrax and show-

ing the persistence of the contagion in the soil three years after the
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burial of cat ' animals dead of this disease. In 1850 Raver and

Davaine called attention for the first time to the presence in anthrax

blood of small filiform bodies, in length about twice the diameter of a

blood globule and without spontaneous movements. In 1855 Pollen-

dar stated that he had observed since 1849 the little rods mentioned

by Raver and Davaine, and that t hey p< i ssessed the histochemical reac-

tion of a vegetable substance. He was unable to determine whether

there existed any relation between the presence of these bodies and

the virulence. These rod-like bodies were again mentioned by Brauell

in 1857, who Dot only observed them in the blood of men and animals

which had died of anthrax, but saw them in the blood before death,

and concluded thai their presence confirmed the diagnosis and war-

ranted the prediction of early death. Brauell did not suspect that

these bodies caused the disease, but, on t lie contrary, was of the opin-

ion that they were transformed after death into the mobile vibrios of

putrefact ion.

In 1860 these little rods of eharbon were studied by Delafond, who.

confirmed their significance in the diagnosis and prognosis of the dis-

ease when they were found in the blood of sick animals. lie observed,

further, that when the blood containing these bodies was preserved in

small glass vessels in contact with the air they developed in the course

of four days to two or three times their driginal length, while preserv-

ing about the same diameter. In eight or ten days their length was
quadrupled or quintupled. These experiments having satisfactorily

demonstrated that the anthrax filaments were an organic vegetable

substance, he tried to obtain a complete development of this organ-

ism, that is. to make it produce spores or grains. In this he failed,

but he concluded it was exl remely probable that t here circulated some
time before death in the blood of animals affected with anthrax, mul-

tiplying prodigiously, vegetable filaments which might develop when
tin- blood was drawn from the veins and placed in conditions favor-

able to vegetation, producing a very remarkable mycelium formed
of numerous delicate filaments. lie did not dare to decide whether
the anthrax rods were the cause <>r the effect of the disease. Nocard
and Leclainche remarked that the sarcasm with which these too

advanced views were received is sufficient to explain his timid

hesitation.

APPLICATION OF THE GERM THEORY TO ANTHRAX.

The publication in 1859 of Pasteur's memoir on butyric fermenta-

tion threw new light upon tin 1 development and effects of the micro-

organisms, and led Davaine to apply the "germ theory" to anthrax,

which he did in papers published during the years 18G3 and 1864.

This was a great step in advance, as previous to that time there was
not only ignorance of the cause of anthrax, but of all contagious dis-

eases. The nature of contagion was the bete noire of the medical

profession. It was the one thing that appeared unattainable, either
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through the reagents of the chemist or the apparatus of the mieros-

eopist. There is consequently no need for wonder that when an

investigator claimed to have pierced the impenetrable veil that for

all time had shrouded this subject, he was met with the most pro-

nounced skepticism and the keenest criticism.

For thirteen years the discussion continued without much progress

either against or in favor of the new theoiy. New facts were pro-

duced, some of which apparently had a bearing in one direction and

some in the other. Davaine's conclusion was still but a hypothesis

or conjecture without positive evidence to sustain it. This was the

condition of the subject when Koch published his remarkably able

paper on the subject in 1876. He began by a study of the biology of

the anthrax rods, finding that in the liquids of living animals they

multiplied rapidly by lengthening and dividing, and that although he

inoculated them from mouse to mouse for twenty consecutive times,

no other forms were produced. In the blood and juices of dead ani-

mals or other favorable nutritive liquids, with admission of air and
between certain extremes of temperature, they grew into extraordi-

narily long threads, with the formation of numerous spores. These
spores, placed in a suitable liquid under favorable conditions, germi-

nate and produce again the bacillus threads.

The bacillus threads or filaments are delicate and easily destroyed.

A few days in an unfavorable temperature, a similar period deprived

of air, diluting the fluid containing them with a large quantity of

water, or drying the substances contiiining them was sufficient to

destroy their vitality. On the other hand, the spores are very resist-

ant, and when once formed are capable of existence under the most
unfavorable conditions. These facts furnished the clew by which
Koch was able to demonstrate the agency of this particular organism
in causing the disease known as anthrax.

When fresh anthrax blood was preserved without contact with the

air till the filaments died, the fluid at once lost the power of commu-
nicating the disease, as shown by inoculation experiments. On the

other hand, with the admission of air under otherwise identical con-

ditions, the organism grew, formed spores, and the liquid retained its

virulence indefinitely. Again, by admitting air, but bjT keeping the

fluid in a temperature of 8° R., which prevented the formation of

spores before the rods died, the virulence was again lost. So by dry-

ing rapidly or by diluting with much water the death of the bacilli

resulted and the activity of the liquid disappeared. Koeh further
showed that when spores had once formed, neither cold, nor depriva-
tion of oxygen, nor drying, nor dilution with water any longer
destroyed the virulence of the anthrax liquids.

Here was u scientific demonstration of the identity of this micro-
organism wii li the active principle of the infectious liquids. It showed
that while 1li<' bacillus or its spores retained vitality the contagion
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existed, and when the bacillus lost its vitality without forming sp

the contagion disappeared. The connection between the bacillus and
the contagion was established beyond reasonable don!)!.

The publication of these facts placed the germ theory of contagion
upon a solid foundation which neither the storms of criticism nor the

earthquakes of negative evidence have been able to destroy.

The first objection raised to this theory was thai when the blood

first becomes virulent no bacilli can be discovered by the most careful

microscopical examinations; if the bacilli were the cause of the dis

they should be apparenl as soon as the blood is capable of com
municating it by inoculation. Pasteur explained this fact as due to

the difficulty of discovering one or two bacilli in such a large surface

as is made by a drop of blood under the higher-power lenses. For

instance, a drop of blood pressed flat between the object glass and*

thin cover presents a surface of one-half inch in diameter; this mag-
nified only 500 diameters gives a surface with a diameter of 20 feet.

And this is sufficient to (ill the held of vision marly L,800 times. The
accuracy of this explanation was proved with culture experiments, by

ing that whenever the blood was virulent a drop of this blood

added boa suitable culture liquid would produce an abundant growth
of the bacillus.

The distinguished investigator, Paul Pert, took up the subject, ami
read a paper before the Academie des Sciences, in which he showed
thai compressed oxygen, which was supposed to kill all living things,

did nut destroy the anthrax virus, and that blood treated with it

would still yield an alcoholic extract capable of producing anthrax.

Now, absolute alcohol, as well as compressed oxygen, had been sup-

I to be fatal to all life. If, then, the virus survived both the

action of compressed oxygen ami solution in alcohol, he reasoned it

was because it was not a living organism, but a chemical agent
allied, perhaps, to diasta

Once more the genius of Pasteur was equal to the occasion, and he

demonstrated, to the satisfaction of Pert, that although the bacilli

were destroyed by tin' agents he had used, their spores were not.

lie subjected Bert's alcoholic extract to microscopic examination and
proved the presence of large numbers of these spores. Pert after-

wards found that such spores preserved for five months in ordinary
alcohol were as virulent as at first.

THE GERM THEORY ESTABLISHED.

The great contest over the germ theory of disease was settled by
the experiments reported in 187G and 1877, and the way was open to

apply this great discovery to practical medicine. What a revolution

in medical thought and practice has resulted can only be appreciated

by comparing the text of medical works of twenty-five years ago with
that of the present day. There were some individuals, however, who
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could not understand the difference between positive and negative

evidence, and who did not for years full}' grasp the fact that the germ

theory was established. These persons continued to raise objections,

and some of them are still telling us that investigators have gone mad
over bacteriological studies and that the whole structure which they

have raised during the last quarter of this century is doomed to crum-

ble and disappear. Such objectors can have little effect upon the

progress of science at this day, since every student has learned that

a fact once established by positive evidence is as solid as the moun-

tains and endures for all time; yet. many will die without accepting

the germ theory, just as numerous contemporaries of Harvey died

disbelieving in the circulation of the blood, but the recorded facts

and the demonstrations of the germ theory will stand, as Harvey's

discovery has stood, and it is as fruitless to inveigh against them as

to attempt to sweep back the rising tide with a broom.

Many practical results in the treatment of anthrax outbreaks have

followed the discovery that it is caused by a particular microscopic

organism which we now know as the Bacillus anthracis. It lias been

recognized that this bacillus may multiply in the soil and in stagnant

water; that its spores may retain their vitality and virulence after

remaining in the earth for many years; that these spores form in the

carcasses of dead animals and are brought to the surface from the

pits where such carcasses are buried through the agency of earth-

worms; that disinfection, as it was practiced previous to 1876, was
ineffectual in destroying the spores of this microbe, and that more
active agents were required; that the essential condition which keeps

up the disease is not the character of the soil, not the condition of

the atmosphere, not the defects of the stable, but the presence of the

bacillus in the soil of the pastures and upon the forage gathered from
infected fields; and, finally, that the bacillus may be attenuated and
form a vaccine which will in most cases grant immunity and protect

animals from the infection. The use of this vaccine is increasing,

and has reduced the mortality in the infected districts from an aver-

age of 10 per cent with sheep to less than 1 per cent, and from 5 per

cent with cattle to less than one-half of 1 per cent.

BLACKLEG (SYMPTOMATIC ANTHRAX).

This disease, which is characterized by a rapidly developing swell-

ing, with the abundant formation of gas in the tissues of the affected

part, is seen principally in cattle, and until recent years was supposed
to be identical in cause and nature with anthrax fever. The swelling

appears most frequently in the upper part of the limbs, and when cut
into is found filled with blood and very dark in color; hence, the name
blackleg, by which it is commonly known in the United States. It is

a common disease and almost invariably fatal.
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DESCRIPTIONS OF BLACKLEG FROM OBSERVATIONS.

When Chaberi wrote his classical description of anthrax in 1782, as

we have already seen, he divided it into throe clinical forms: (1) An-
thrax fever, or internal anthrax; (2) essential anthrax, manifested by
external swellings without p Qg symptoms of fever; (3) symp-
tomatic anthrax, beginning with fever and soon followed by external

Lngs. In the firsl division tin re could only be included cases of

true anthrax, but in the second and third divisions there were brought

together those tonus of anthrax in which the virus penetrated the

skin or mucous membrane and formed a visible Bwelling a1 the point

of entrance, and also the swellings due to the contagion of an entirely

distinct disease now known as blackleg, or symptomatic anthrax.

In ' anthrax swellings precede the fever, while with black-

leg th" swellings frequently precede and often follow the fever.

Chabert's classification, while a greal advance from the ideas of his

.was in this respecl artificial and inaccurate, but was

nevertheless the accepted interpretation of the facts for nearly a

century.

There was little advance in the knowledge of thissubjecl until 1856,

when Walraff described an emphysematous form of anthrax, thus

calling ait (lit ion to ihe essential difference Let ween the clinical symp-
toms of ihe anthrax and blackleg tumors, hut he apparently did not

• •el that they were distinct diseases. Bollinger in L873and Feser

in ls7--) pointed out marked differences, and Schindler and Weber in

1876 again called attention to ihe disease characterized by these

emphysematous, or gaseous, 1 amors, and expressed their opinion that

it should he differentiated from anthrax, since no case of its trans-

mission to man had been observed, although the skins of affected

animals were utilized, and the flesh even was consumed by the inhab-

itants of the infected districts in the Alps.

These opinions were do! generally accepted, or al the best were

irded as (^' the nature of conjectures rather than demonstrations.

The divergenl views expressed by different authorities and the

apparent inconsistency of the observations served to increase the con-

fusion rather than to bring order and light into tin' controversy. It

had been observed thai anthrax fever was often communicated to the

men who handled the carcasses or skins of animals which had died of

the disease, and that, such accidents never occurred from tic emphy-
sematous tumors of symptomatic anthrax. In attempting to learn

tin- reason for the transmission in one ease and apparent nonconta-

giousness in the other, when both were regarded as essentially the

same disease, inoculation experiments were made which showed that

anthrax fever was regularly communicated from animal to animal by
inoculation with the blood of an affected animal, while the blood of

animals affected with symptomatic anthrax was not virulent, and
material from tiie diseased tissues failed to communicate the disease
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in the great majority of cases. Did these facts indicate that two dis-

tinct and separate diseases existed where but one had previously been
recognized? or, did they simply mean that in anthrax fever the disease

was generalized and the contagion circulating throughout the body,

while in symptomatic anthrax the contagion was localized in the

swelling, which was the rjrincipal symptom of the morbid condition,

and that it was here modified by septic complications?

THE nature of anthrax demonstrated by experiments.

This question could not be answered by observation alone, nor were
those who attacked it by experimentation ablo to solve the difficulties

until the inspiration which followed from the investigations of Koch
and Pasteur pointed the way. The demonstration that the Bacillus

anilrracis is the cause of anthrax fever, the clear description of its

form and biological characters which enabled the investigator to

identify it with certainty, and the methods of cultivating and study-

ing bacteria introduced at this period made it possible for Arloing,

CorneAin, and Thomas to carry out the brilliant series of experiments

which demonstrated that anthrax fever and symptomatic anthrax

were entirely different and distinct diseases.

These investigators published their first paper in 1879, three years

after Koch had shown that anthrax fever was caused by the Bacillus

anihracis, and when it was well known that the bacillus was easily

found in the blood and tissues of animals which had died of that disease.

They announced that careful microscopic examination and cultures,

according to Pasteur's method, failed to reveal the Bacillus anihracis

in the tumors or in the blood of animals affected with blackleg either

before or after death. They also made thirty-four inoculations, using

three young cattle, three sheep, two horses, and twenty-six rabbits

and mice. All of these failed to communicate the disease. They
therefore concluded that neither the blood nor the liquids of the

tumors or affected lymphatic glands, in cases of symptomatic anthrax,

contained either the Bacillus anihracis or its spores.

In later communications it was shown that blackleg is inoculable

from animal to animal, and that the failures of the earlier inocu-

lation experiments were partly due to the use of insusceptible animals.

Cattle, sheep, goats, and guinea pigs readily contract the disease.

Horses, swine, dogs, cats, rabbits, and fowls are either immune or

have a great power of resistance toward this virus. Even cattle, the

species in which this malady develops most frequently under natural

condii ions, arc not susceptible at all ages. Calves under three months

old and cattle over four years were found to have a high resisting

power.

It was also necessary to determine experimentally the parts of the

body in which the virusexisted in most concentrated form. The blood

is not virulent until just before death, and then, like the serum from the
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t issues surrounding the tumors, often fails to communicate the disease.

Tlie liquid of greatest, virulence is obtained from the most discolored

and darkest parts of the tumor, though the bile and amniotic liquid

are both quite active. Further, it \vas found that a certain dose of

virus must be used, and that this should be inserted into favorable

portions of the bod}' in order to obtain uniform results.

Microscopic study of the virulent liquids revealed the constant pres-

ence of a rod-shaped microorganism, which is endowed with power of'

active motion and having in many cases a spore at one end. The first

attempts to cultivate this germ were not successful. It would not

multiply in the presence of oxygen, as it belonged to that class of

organisms known as anaerobic, and it required liquids of special com-

position to favor its growth. These difficulties overcome, it was found

that the bacillus could be grown through many generations and

retain its virulence indefinitely with proper conditions of environ-

ment.
BLACKLEG ANI> ANTHRAX COMPARED.

The bacillus of blackleg differs remarkably in some respects from

that of anthrax. While the former is anaerobic and forms spores within

the body of the living animal, the latter is aerobic and can only form

spores afti r H has come in contact with the air. These peculiarities

in the microbes explain the remarkable differences in the resisting

powers of the two formsof virus under varying conditions. Thespore
being the resting stage of the bacillus and the form in which it ismost

resistant to unfavorable conditions, it is clear that, if this micro-

organism is the true cause of the virulence, the virus should retain its

active properties longer and be more difficult of destruction when it

contains spores than when rods alone exist. This is exactly what was
found to be the case, and it explains why a disinfectant which will

destroy the contagion at one time will not do so at another.

The contagion in fresh anthrax liquids, as they contain no spores,

is destroyed in a few minutes by a temperature of 58° C, while fresh

blackleg virus, always containing spores, requires a temperature of

100° C. for twenty minutes to produce the same effect. And on

account of this ever-present spore the blackleg virus more surely

sts the influence of putrefaction and other unfavorable condi-

tions, and is therefore one of the most difficult to eradicate of all the

known forms of contagion.

Comparing anthrax and blackleg experimentally, it was found that

the former was easily communicated by scarifications or pricking the

skin with a lancet charged with the virus, while the latter was only

exceptionally transmitted in this manner. When inoculated into the

connective tissue the local lesion produced by anthrax virus in most

eases consisted of a small inflammatory area, with slight accompany-
ing oedema, while blackleg virus similarly inoculated caused an enor-

mous swelling, with abundant oedema. Again, the inoculation with
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anthrax virus into the veins is more dangerous than when inserted

into the connective tissue, and is fatal with infinitesimal doses. On
the contrary, blackleg virus may be inoculated into the veins in much
larger doses than into the connective tissue without producing fatal

effects. It was shown that one attack of either of these diseases

granted immunity from that particular contagion, but that an attack

of anthrax did not protect from blackleg nor did an attack of black-

leg protect from anthrax.

REMEDY FOR BLACKLEG.

The above experimental studios consequently established the fact

beyond controversy that two distinct diseases had previously been

grouped together; that the germs of these two diseases were distinct

and very different in their biological characters, and that different

measures were required for their control.

These investigators did not stop at this point, however, but con-

tinued their researches with a view of finding a prophylactic treat-

ment. The remarkable success of Pasteur in attenuating the virus

of anthrax and fowl cholera led them to endeavor to produce an

attenuated virus, or vaccine, for blackleg. This was finally accom-

plished hy drying the virulent flesh and afterwards reducing it to a

powder and subjecting it to a temperature between 85° and 100° C.

for a sufficient time to properly reduce its activity. This vaccine,

perfected by years of experience, is now in use in most parts of the

world. It is supplied by the Bureau of Animal Industry to the stock

raisers of the United States to the extent of half a million doses a

year, and where used has reduced the losses on infected pastures from

10, 15, or 20 per cent, which annually occurred before using, to less

than 1 per cent per annum.
This great practical triumph in the control of an infectious disease

is due entirely to the application of the experimental method. With-

out experiments upon living animals and confined to clinical observa-

tion, it was impossible to. determine whether anthrax and blackleg

were essentially identical in nature or whether they were distinct dis-

eases, and much less was it possible to isolate and identify the germ

or so to change the activity of this organism as to transform it from

one of the most deadly organisms to a harmless protective vaccine.

TEXAS FEVER, SPLENETIC FEVER, OR SOUTHERN CATTLE FEVER.

HISTORY OF TEXAS FEVER.

In 1814 we find the first known accounts of a disease being dissem-

inated by apparently healthy cattle from certain districts in the

Southern States when these cattle were driven North to market.

Attention was at that time called to this phenomenon by Dr. James

Mease in a lecture before the Philadelphia Society for Promoting

Agriculture, who stated that Hie cat Me from a certain district in South
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Carolina bo certainly diseased all others with which they mixed in

their progress to the North that they were prohibited by the people

.'t' Virginia from passing bhrongh the State; that these cattle affected

others while they themselves were in perfect health, and that cattle

from Europe or the interior taken to the vicinity of the sea were

attacked by a disease that generally proved fatal. In a paper read

before the same society in 1825 he says: "The circnmstance of cattle

from a certain district in South Carolina affecting others with this

ase has long been known."
The precise locality from which these cattle originated, or its extent,

])> was, however, unable to ascertain, notwithstanding inquiries upon
the subject.

Dr. Mease gave an account of an outbreak of this disease which

occurred in L796 in Lancaster County, l'a., as a result of South Caro-

lina cattle being brought and sold there. These cattle were penned
over night in a plowed field and did not come in contact with the

cattle on the farm; nevertheless, the latter commenced dying a short

time afterwards. In every instance where sold they communicated
the disease to the cattle with which they mixed. The symptoms were
loss of appetite and weakness of the limbs, amounting to inability to

stand; when they fell, they would tremble and groan violently. Some
discharged bloodyurine, othersbled at the nose. Onbeingopened the

kidneys were found inflamed and sometimes in a state of suppuration.

Many similar outbreaks occurred in North Carolina, Virginia, and
Maryland in the firsl half of the century, but the accounts of them
are too meager to be of use. Legislation was enacted in North Caro-

lina, however, a*< early as l s :57 to prevent the driving of cattle into

that state from either South Carolina or Georgia between the firsl day
of April and the first day of November; also, to prevent cattle from

being driven from those parts of North Carolina, where the soil is

sandy and the natural production or growth of timber is the long-

leafed pine, into or through any of the highland parts of the State,

where the soil or growth of timber is of a different kind, between the

data s already mentioned.

Very little more was heard of this disease until about 1850, when
cattle bred in Texas began to be driven through Arkansas, Missouri,

and Kansas for distribution to feeders in those and other Western
States. A mysterious and highly fatal disease th.cn appeared along

the great roads, highways, or trails over which these cattle were
driven, destroying about 50 per cent of all the native cattle. Persons
living near the fording places lost as high as 90 per cent. It was two
years before the origin of this disease was traced to the Southern cattle.

From 1856 to 1860 many Texas cattle were driven into the States of

Kansas, Missouri, Kentucky, Iowa, and Illinois, and it was stated that

the native stock in the sections to which they were taken were swept

away by a "dry murrain/' An epizootic under such circumstances
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was so unexpected and contrary to all previous experience that at

first the source of the disease was not suspected, and when the South-

ern cattle were accused there were many who looked upon their pres-

ence as a mere coincidence. However, by 1861 the conviction that

Texas cattle disseminated disease became so strong that laws were

enacted by the States of Kansas, Missouri, Kentucky, and Illinois

regulating the movements of Southern cattle.

The disease ceased in these States during the civil war and its rav-

ages had apparently been forgotten, when it reappeared during 18G6,

1867, and 1868 with the first droves of cattle from Texas. There was

little attention given to it at first, as the number of cattle driven in

I860 and 1807 appears not to have been very large. In 1868, how-

ever, the markets and other conditions were more encouraging to

those who handled this class of stock, and large herds of Texas cattle

were sold for feeding in Illinois, Indiana, Ohio, Pennsylvania, New
York, and other Northern States.

As the hot weather of summer came on the disease broke out where-

ever the Southern cattle had been taken. Of 320 head of native stock

shipped from one farm to the East for slaughter, 224 died before they

reached their destination, and the remainder were said to have been

sent to the rendering tanks. At the little town of Tolouo, 111., from

15,000 to 18,000 Texan cattle were landed. The fever commenced its

destructive work about July 20, sweeping away nearly every native

animal of the bovine race in that section. Nine hundred and twenty-

six head of cattle died in that township, which polled but a trifle over

200 votes, and 5,000 head succumbed in the county. Within 2 miles

of the Chicago stock yards, according to the report of the medical

officer of the city, but 1 cow escaped, 161 animals having perished.

In the vicinity of Loda, 111., it was estimated that not less than 1,800

cattle died. In Warren County, Ind., the losses reached about 1,500

head; in Jasper County, 400 head; in Marion County, 100 head.

These losses are simply examples of what was occurring in many
parts of the Northern States. The disease was soon traced to the

Southern cattle, and in the absence of specific knowledge concerning

its character there was great alarm as to the extent to which it might

spread and its effect upon the public health. While the direct loss

from the disease was very heavy and brought disaster to many indi-

viduals, the contagion was fortunately one which did not spread from

the sick native cattle, and was consequently self-limited. It was

also a disease that is not communicable to the human species, and

hence did not appreciably affect the public health.

INVESTIGATIONS OF TEXAS FEVER BY THE DEPARTMENT OF AGRICULTURE AND
BOARDS OF HEALTH.

The excitement and interest aroused by the outbreak of 18(58 led to

extensive invest igations by the Department of Agriculture and by the

boards of health of Chicago and New York'. These researches were
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sufficient to establish the symptoms, the post-mortem lesions, and
some of the peculiarities in regard to the transmission of the disease.

It was sh<»\vn that there was intense fever, with a temperature rang-

ing from l(i5° to 110° F., accompanied by great weakness and pros-

tration. The ears and head drooped, the hind legs were advanced
under the body, and the fetlocks were partially flexed, constituting,

is taken together, a more or less characteristic attitude. The
urine, at first tinged with red, became deeper colored, until it had the

appearance of undiluted venous blood. On post-mortem examination

the liver and sph en were found to be the organs most seriously

affected. Both were congested and enlarged. In the liver there was
bile-stasis in the ultimate biliary canaliculi, which were found dis-

tended and occluded, while the spleen was greatly engorged with

blood, and its interior was transformed into a dark semifluid mass.

The kidneys, also congested, presented numerous blood extfavasa

tions in the pelvic port ion.

A study of these symptoms and lesions threw little light upon the,

nature of the e. The condition of the spleen suggested that it

might be allied to anthrax, but there was an absence of the gelatinous

exudations seen in that disease and. moreover, there was no case of

the transmission of the malady to mankind. The course of the dis-

was also longer than in anthrax fever. A consideration of the

phenomena observed relating to the transmission of the contagion

only served to deepen the mystery. The cattle from the South which
brought the disease were themselves apparently healthy. The sick

Northern cattle did nol communicate the disease. The contagion in

most cases was confined by ordinary farm fences, and, indeed, it

appeared to be the ground over which the Southern cattle had trav-

eled rather than the cattle themselves which was dangerous to sus-

ceptible animals. And this infected ground retained its power to

communicate disease until it was purged by the frosts of approaching
winter.

Strange to say, the pastures did not always become dangerous
immediately after the Texas cattle had traveled over them. In some
cas.'> ii was observed that susceptible eattle had fed upon such pas-

tures for a month or more after the Texas cattle had left them, and
had then been removed to oilier fields without sustaining any injury,

while o.her Northern animals of the same lot allowed to remain a few
ks longer suddenly developed the disease in a most violent form.

How different from the phenomena of other contagious diseases were
these manifestations! and how inexplicable in the light of the medical
knowledge of that day! Of what did this contagion consist that it

could be propagated by well animals and not by those affected with
the disease; that it could remain upon pastures inactive and resist

sun and rains for weeks and then suddenly attack in the most viru-

lent form all Northern animals that so much as walked across them,
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while it respected the animals from the South? Surely they were

justified who called this a "romance in pathology," since these phe-

nomena were without precedent and to the most enlightened appeared

incredible.

These investigations of 1808 and 18G9 established the more apparent

characteristics of the disease, though for sixteen years afterwards

there were scientific men who tried to prove that no such disease

existed. During all this time the cattle driven from Texas and

Indian Territory to the Northwestern States and Territories for graz-

ing left a deadly trail behind them, which was destructive to the

native cattle that crossed it. The stock yards and stock cars became

more and more infected, and cattle purchased in the public markets

and taken back to the farms for feeding were in so many instances

found to have contracted the disease that purchasers avoided such

places as much as possible. Even our export cattle that were given

the greatest care en route became infected, and as many as two or

three hundred would sicken on a single ship. This brought Ameri-

can cattle into disrepute and threatened to lead to annoying restric-

tions or even prohibition by foreign governments.

TEXAS-FEVER DISTRICT DEFINED AND EFFORTS TO SEPARATE INFECTIOUS CATTLE.

The almost intolerable condition described above existed when the

writer took up the study of Texas fever in 1879.

The first questions were: How shall this difficult problem be

attacked ? and, what methods of investigation shall be adopted ? One

question that appeared possible of solution had reference to the extent

and the exact boundaries of the district from which the cattle came

that spread the contagion. This could be determined partly by col-

lecting all the information possible as to outbreaks of Texas fever in

the Northern States and ascertaining exactly where the cattle came

from which caused them, and partly by ascertaining the sections of

the Southern States where Northern cattle imported to improve the

stock were liable to die with acclimation fever, a disease which the

writer had shown to be synonymous with Texas fever.

By pursuing these lines of investigation a great section of the

country was found to be already invaded by the infection. This sec-

tion included half of Virginia, the greater part of North Carolina,

all of South Carolina, Georgia, Florida, Alabama, Mississippi, Loui-

siana, Arkansas, and large portions of Tennessee, Indian Territory,

and Texas. The defining of this district made it possible to sepa-

rate the infectious cattle in the cars and pens, while in transit, from

the Northern susceptible cattle, and thus tended to lessen the spread

of the contagion. However, there were many difficulties in enforcing

regulations for this purpose, as there was no way of distinguishing

between these different classes of animals when they reached their

destination, and the waybills and car marks could not be implicitly
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relied upon. It was also desirable to know of what the contagion

I, how it was disseminated, what disinfectants conld be used

to destroy it and in what strength these should be present to be

active, what was the true period of incubation, what measures eould

Lopted to rednce the losses among pure-bred cattle taken to the

then) States to improve the stock, and what safeguards could be

thrown around cattle from the infected district when taken North for

ing s<> 'hat they would no1 destroythe animals in the sections to

which they were permitted access.

The people of the South said: " What right have you to pul restric-

ls upon our cattle when they are going to market? Then is no'

disease among our cattle; and if the Northern cattle sicken and die,

the !<>ss should not be charged against our healthy cattle, the presence

of which in certain cases was probably a mere coincidence." These

ere difficult to meet, doubly so when th cases went to

the courts, and it became necessary to explain the part played by

the Southern cattle in. originating the disease. Here, as in many other

cases, observation of the outbreaks which developed spontaneously

failed to reveal the mysteries, ami it was necessary to question ami

cross-question nature through experiments in order to obtain the

information which she withheld from the ordinary observer.

CONJECTURES as to MANNER OP \TIoN op TEXAS FEVER.

There were numerous conjectures as to the manner in which the

contagion was disseminated. Some thought thai in driving the

Southern cattle Buch long distances their .<.: became worn, sore,

ami ulcerated, ami that the discharge from these ulcerated surfaces

oned the grass ami developed contagion. It was believed that

this hypothesis was confirmed by the known fact that the Southern

ca1 1 le apparently lost the power to t ransmil t he disease after 1 hey had
been upon the Northern ranges sixty to ninety days. Another con-

jecture was that the contagion resided in the saliva and was dis-

tributed over tin- grass while the infectious animals were grazing. It

was also contended by some that the Texas cattl ae infectious

by drinking from pools of stagnant water, particularly that which

contained alkali, ami that the infection was distributed with the

urine and excrement. Still another conjectu re was that the ticks, with

which most of the Southern cattle were covered, passed from these to

the Northern animals, and the latter, not being accustomed to their

bites, became affected with and died from the irritation and fever thus

induced. A modified form of this hypothesis was also held, to the

effect that the ticks dropped from the Southern cattle laid their eggs

in the grass; that myriads of young ticks hatched, covered the herb-

age, and were taken into the stomachs of the cattle with the food,

causing inflammation of the digestive organs, fever, and death.

How were we to decide which, if any, among these divergent views
1 A 99 9
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was the correct one? The writer was asked to make a hasty examina-

tion of the subject and prepare a preliminary report for publication.

This he did, and it is at least instructive as to methods to read his

views concerning the part played by the ticks in the transmission of

the contagion. The following appeared to be extremely good argu-

ments at the time the report was written (1880)

:

The tick theory.—One of the most widely spread opinions in regard to the causa-

tion- of Southern fever is the pathogenic influence of the ticks with which Southern

cattle are generally covered and which migrate in large numbers to the bodies of

other cattle with which they mix. But the acceptance of this view is simply an

evidence of the desire of the human mind to explain the origin of mysterious

phenomena. The same principle is exhibited in the popular views regarding the

pathogenic nature of holloiv horn, hollow tail, wolf teeth, black teeth, hooks, etc.,

none of which have the least foundation in fact or reason. The tick theory

scarcely explains a single one of the many peculiar phenomena of the disease.

Ticks are found everywhere, but are simply more numerous at the South. Their

attacks are not confined to the latter half of the summer, nor would they be likely

to remain on a pasture from spring till August without doing harm and then

suddenly cause an outbreak of the disease. Again, the post-mortem examination

plainly indicates the cause of the disease to be an agent taken into the circulation

and causing the most important changes in the composition of the blood.

Alas, for the limitations of human observation and reasoning when
we fail to establish our premises by rigid experimentation ! It has

since been shown by experiments, outlined by the writer and carried

out successfully by his direction, that the ticks do transmit the con-

tagion of Texas fever, and that all of the mysteries connected with

this transmission are explained by an accurate knowledge of the

biology of the particular tick involved {Boophilus bovis), and of the

other parasite (Pyrosoma bigeminum), which cooperates to produce

the pathogenic effect.

EXPERIMENTS TO DETERMINE THE CAUSE AND DISSEMINATION OF TEXAS FEVER.

The first step toward revealing the nature of the disease was evi-

dently to determine if it could be inoculated from animal to animal.

If this question were decided in the affirmative, it would be possible,

by continuing the iuoculation experiments, to determine how widely

the virus was distributed through the body, and with what secretions

or excretions it was disseminated by the affected animal. It might

also be possible to identify a microorganism as the essential cause

and to study its biology.

With these purposes in view, the writer, in 1879 and 1880, inoculated

six head of cattle and drenched three with liquids that appeared most

likely to contain the contagion. Two of these animals had an attack

of fever, one being so seriously affected that it became quite weak
and emaciated. In 1882 three more animals were inoculated, one of

which became sick in ten days and died three days later of acute

Texas fever. This was the first demonstration of the inoculability of

the disease, and it proved that a mixture of blood and splenic pulp

contained the contagion.
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Tn 1886 Dr. Smith, in studying microscopic preparations from the

spleen of an animal that had died of the disease, observed peculiar

bodies in the red corpuscles which were suggestive of parasitic micro-

organisms. In 1888 and 1889 furtherstudies of these bodies were made,

which led to the conclusion that they were protozoa. As the most

prominent feature of the disease was found to be a breaking down and

destruction of the red corpuscles, and as these parasites existed almost

exclusively in the red corpuscles of the blood, there was some reason

to think they might be the cause of the disease.

At this period, having completed the survey of the permanently

infected district, the writer observed that this district corresponded

almost exactly with the habitat of the tick (BoophUus hovis), which
was almost invariably found to infest the cattle that were capable of

transmitting tie- disease. Taking this coincidence, with the strong

belief held by many cattle men of experience, thai the ticks had some-

thing to do with the production of the disease, ii was determined to

have this aspe<i of the question fully investigated. Dr. F. L. Kil-

borne, who was at that time in charge of the Bureau experiment sta-

tion, was consulted and given explicit instinct ions to carry through
one or more series of experiments with this object in view. The first

experiments were made in 1889, and the result was: (1) That Northern

cattle pastured in a field with cattle from the infected district which

were infested with ticks contracted Texas fever; (2) that Northern cat-

tle pastured in a held with cattle from the infected distrid thai were

carefully freed from all ticks by hand picking did not contract Texas

fever; (3) that Northern cattle pastured in a held where no cattle

from the infected district had been, but over which had been scattered

a large number of ticks, contracted Texas fever.

The result of these experiments was a distinct and positive advance
in our knowledge of the disease. It was now known (1) that the dis-

ease was inoculable; (2) thai the blood of diseased animals contained

a microscopic protozoan parasite; ('>) that ticks picked from Southern

cattle ami spread upon pastures were a means of communicating the

infection.

It was next important to learn in what manner the ticks conveyed the

contagion. From a medical point of view the most plausible theory

was that the biting parts of the ticks became soiled with the blood of

the Southern cattle, and that these contaminated ticks, migrating to

susceptible cattle, carried the virus and inserted it when they began
sucking blood from the latter. A study of the life histoiy of the tick

showed, however, that this theory was not consistent with the facts.

The ticks do not leave one animal and go to another. When they

are once upon an animal they remain there until they become mature,

and then they drop off, lay their eggs on the surface of the ground,

and die. There is no opportunity for this parasite to cany blood

direetlv from the Southern to the Northern animal and inoculate it.
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Another hypothesis was that with the blood sucked from Southern

cattle the tick took into its body the virus of the disease, and that

when the mother tick died and became disintegrated upon the pas-

tures the contagion was liberated and the grounds infected. This

supposition was entirely demolished by experiments, which proved

that the disease was caused by young ticks hatched from the eggs of

the mature ticks which developed upon the Southern cattle, that is,

the contagion is in some manner transmitted from the adult tick

through its egg to its progeny, and this progeny has the power of

inserting the contagion into the circulation of the cattle upon which

it happens to fasten itself.

These facts threw much light upon the propagation of the malady,

but they were not sufficient to establish a scientific theory explaining

the transmission. Indeed, it was yet to be proved that the Southern

cattle carried the protozoa in their blood. Microscopic examination

was not sufficient to decide the question. A few minute points were

observed in the red corpuscles of Southern cattle, but these points

were much smaller and far less numerous than the protozoa in sick

Northern cattle. The Southern cattle, besides, were in good health,

and it seemed improbable that they harbored so deadly a parasite.

There was but one way to decide as to whether Southern cattle car-

ried this contagion in their blood, and that was to inoculate suscepti-

ble Northern cattle with the blood of Southern cattle. This experi-

ment was made, and it demonstrated that a comparatively small quan-

tity of blood from a Southern cow, injected under the skin or into the

veins of Northern cattle, produced an acute attack of Texas fever.

In Northern cattle infected in this manner the protozoa appeared in

the blood corpuscles with the same characteristics as when the infec-

tion occurred through the medium of ticks. There could no longer be

any doubt that the blood of cattle from the infected district contained

the contagion of Texas fever.

It was now important to decide how long Southern cattle carried

this contagion in their blood after leaving the infected district.

Again, it was necessary to resort to inoculation, as the microscope

was powerless to decide. The first experiments had been made with

the blood of cattle immediately after they had been brought from the

South. In the next experiment blood was used from an animal that

had been away from the infected district seventy-four days. This

also produced disease. In succeeding years experiments were made
by inoculating with the blood of cattle that had been under observa-

tion, with no chance for reinfection, for one year, two 3*ears, three

years, four years, five years, six years, and seven years, and in every

case the disease was produced. It was concluded, therefore, that this

contagion once introduced into the blood of cattle remained there in

an active condition throughout the animal's life.
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THE PRINCIPAL FEATURES OF TEXAS FEVER.

"We were now in a position to understand and explain the principal

features of this disease, that is. it was plain that cattle in the infected

district carried in their blood the contagion of Texas fever; that this

contagion was in reality a protozoan organism called the Pyrosoma
bigeminv/m, analogous to the parasite of human malaria; that this

parasite was transferred to susceptible cattle outside of the infected

district by the Southern cattle tick Boophilus bovisj that Southern

cattle, although carrying the contagion, were harmless unless infested

by this particular tick; that the Southern cattle carried this conta-

gion in their blood for years after leaving the infected district, and
would again be dangerous to other cattle if by any chance they were

reinfested with the proper species of ticks. A study of the biology

of the tick showed that the time required for the eggs to hatch depends
upon the atmospheric temperature, and that all the mysteries of the

propagation and incubation of the disease depended upon the hatch-

: these <-ggs.

THE PROGRESS HADE IN THE CONTROL OF TEXAS FEVER.

The above is a remarkable chapter in the progress of medical science,

and has already led to extensive studies of the part played by insects

in the propagation of human diseases, and particularly the malarial

fevers. That it has opened up a new field of medical research is

unquestionable. What has it accomplished toward the control and
eradication of Texas fever? In the first place, it has given us a ready
method of identifying infectious cattle found in the channels of com-
merce. Previous to these investigations it was often impossible to

tell whether a given carload of cattle unloaded at any stock yards
was from the infected or noniufecled district. The point from which
it was billed was no criterion, since it was common to rebill cars,

often for the express purpose of deceiving the inspectors. These
great centers of cattle traffic were, consequently, continually infected.

To-day, if cattle are infested with the BoophMusJbovis ticks, they are
• without question to the quarantine yards.

Another line in which progress has been made is in lessening the

area of the infected district. Whole counties have been placed above
the cattle quarantine line, because the ticks have been destroyed in

those counties and the danger of contagion removed. In many other

counties the citizens have taken up the task of tick killing and are

making rapid progress in freeing their districts from this pest. The
infected district, instead of advancing and enlarging in area, as before

investigations, is now diminishing. This work is of immense
advantage to the people of the districts involved.

Great success has also been achieved in immunizing cattle taken to

the infected district for improving the stock. In the past the greater

part of the cattle taken to the infected district died of Texas fever.

These losses were 80, 90, and even 95 per cent of the animals intro-

duced. Still, it was so important to grade up the cattle in the vast
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herds of the South and Southwest that the people of those sections

persisted and accomplished much even under such discouraging cir-

cumstances. In pursuing the inoculation experiments it was learned

that young animals, particularly calves, were much less severely

affected than old ones, even with the same dose of virulent blood;

also, that as cold weather approached a milder form of disease was
produced in the same class of animals. Putting these two facts

together, it was decided to immunize some young cattle and test their

resistance in the infected d istrict. This was successfully accomplished,

aud proved that young stock inoculated in the late fall or early win-

ter with virulent blood contracted a mild form of disease, from which

the experimental animals recovered, and that these animals sent to

the infected district the following spring were but slightly affected

with the disease, although untreated animals sent witli them either

died or were very severely affected and barely survived.

This method of immunizing has now been adopted in practice and

is proving very satisfactory. Instead of a loss of 90 per cent among
breeding stock taken South, it bas been shown that more than 90 per

cent can be saved. This means rapid improvement of Southern herds

and a vast increase in the value of the animals produced.

There is one other problem under experimentation, which, if it can

be solved, will remove the last terrors of Texas fever. That problem

is the rapid and inexpensive destruction of the ticks upon cattle from

the infected district. Such cattle are now dangerous because of these

ticks. They are not allowed to go North, except for slaughter, during

ten months of the year. They are always regarded with suspicion,

quarantined, and sold as quarantine cattle at a reduced price. This

is a constant hardship to the people of a great section of the coun-

try; but destroy all the ticks and the cattle are harmless and can go

anywhere, for any purpose, at any season of the year. The plan of

destroying the ticks is to drive the cattle through a vat containing some

liquid that will be fatal to the ticks without inj uring the cattle. While
it has proved a difficult task to find a liquid that will answer these con-

ditions, there are some which are so nearly satisfactory as to inspire

hopes that success in this line will in the near future be achieved.

Confining our argument to the facts which have already been dem-

onstrated, Have we not abundant justification for the experimental

method? With a disease so obscure and complex, depending upon
two different parasites for its dissemination, one of these so small as

to tax the highest powers of the microscope, it was impossible for

observation, unaided by experimentation, to solve the mysteries and

elucidate it. But the experimental method was invoked, and, as in

many other fields of biology, has brought order out of chaos, giving

an intelligent comprehension and control of phenomena, where before

were only ignorance and helplessness.



PROGRESS IN ECONOMIC ENTOMOLOGY IN THE UNITE©
STATES.

By L. O. Howard, Ph. D.

Entomologist.

INTRODUCTION.

At the beginning of the p'resenl century the United States, with its

population of only 5,000,000, with its restricted geographical area, with

its small fields and its comparatively slighl diversity of crops, and
with iis infreqnenl communication and limited commercial relations

with other count ries, suffered comparatively little from the attacks of

insects on its crops. There are old last-century records of the local

destruction of the grain crops by the army worm, and as early as L793

the cotton caterpillar did a greal deal of damage to the cotton crop

of Georgia and South Carolina. Similar outbreaks occurred in L800

and 1804, while the Hessian fly. 1 as its name suggests, made its destruc-

appearance soon after the close of the war of the Revolution.

With the rapid growth of the new Republic, both in geographic area

and in population, and with its marvelous agricultural development,
many native plant-cat ing insects, finding in cultivated crops an ah
unlimited abundance of food greatly to their taste, multiplied rapidly

and became important factors in mop production. As commercial
relations with Europe and other countries increased and as the intro-

duction of steam made international journeys more and more rapid,

new injurious insects were introduced from abroad, many of them
becoming readily established and assuming an importance as crop
enemies surpassing thai of native species. Many of them, in fact,

has frequently been pointed out, became, for reasons which need not

be discussed here and which are not well understood, more prolific and
injurious than in their native homes. For a long time these imported
species, beginning their work on the Atlantic seaboard, traveled west-

ward by natural spread, entering new regions after a few years, fol-

lowing in the track of the pioneers. Comparatively few have entered
our territory from the South, but with the development of agriculture

1 The "Hessian fly" is a name which well illustrates a tendency to apply as a
popular term to an injurious insect the cognomen of a disliked or hated class or
individual. Other examples are the use of the name "Ahe Lincoln hug " in Geor-
gia after the close of the civil war for the harlequin cabhage hug, which at that
time had just reached that State on its northeastward march: the later application
of the term '-Third Party bag " to the same insect in Texas, and the term '• French
weed'* to the stink weed in portions of Canada of anti-Gallic sympathies.
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upon the Pacific coast and with increasing- commercial relations with
countries beyond the Pacific, injurious insects have at last begun to

reach us from a westward direction. From this it will be seen that as

the centurjr has grown older the need of remedies against insects has

grown greater. Fortunately in this case, the supply of remedies has
commensurately satisfied the demand, and the nation has not failed

in this-direction to justify its claim to be called "a practical people."

SOME OF THE WORKERS and causes of progress.

FIRST NATIVE SCIENTIFIC ENTOMOLOGIST.

William Dandridge Peck, who commenced to write in 1795, was our

first native scientific entomologist, and he was as well our first eco-

nomic worker in this line. The first economic publication of value was
probably his "Description and history of the cankerworm," origi-

nally printed in the Massachusetts Magazine for 1795, and reproduced
in the Massachusetts Agricultural Repository and Journal under the

title "The natural history of the cankerworm," in October, 1796.

This first paper was followed by "Natural history of the slugworm"
(the common cherry slug), published in 1799 ; "An important communi-
cation relative to the cankerworm," 1816 ; "On the insects which destroy

the young branches of the pear tree and the leading shoot of the

Weymouth pine," 1817; "Some notice of the insect which destroys

the locust tree," 1818; and "Insects which affect the oaks and cher-

ries," 1819, all of these articles being published in the Massachusetts

Agricultural Repository and Journal.

FIRST OFFICIAL ENTOMOLOGIST AND HIS WORK IN MASSACHUSETTS.

Dr. Thaddeus William Harris (1795-1856) was probably the first

American entomologist to receive public compensation for his labors,

and in this sense he may be called the earliest official entomologist in

this country. His first entomological article, entitled '

' Upon the natu-

ral history of the salt-marsh caterpillar," was published in 1823 : and
illustrated by an excellent full-page steel-engraved plate. Although
it does not appear from the title, the article was of a distinctly eco-

nomic character. The introductory paragraph reads as follows: " In

the present state of agriculture, hay has become an important prod-

uct to the farmer in this vicinity. From the high price and the

increased demand for the imported and cultivated grasses, the indige-

nous and natural growth of the soil must rise in value; and of this

perhaps none is more valuable on the seaboard than that of the salt

meadows."
Dr. Harris shows that the ravages of insects in the salt meadows,

particularly of caterpillars and grasshoppers, had become formidable,

and states that the object of his paper is an attempt to elucidate the

natural history of the caterpillars, "with the hope that it may lead to

'Massachusetts Agricultural Repository and Journal for 1823, pp. 322-331.
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some sure method of exterminating them, or of limiting their ravages

to a shorter iJ^ri« »<I

.

" After a full account of the life history of the

iies and of the dates of trapsformation, bringing out the interest-

ing point that the caterpillars are imbued with so great a vitality that

long immersion in water does not destroy their life, he concludes by
recommending, first, thai the grass should be cut early in July, and,

md, that the marshes should be burned over in March. It was, in

fact, a good, plain, practical paper.

The publication of Dr. Harris's first paper was followed by a con-

stant succession of interesting and valuable articles, published for

the most part in the New England Farmer, more than half of them

being devoted to the economic bearings of entomology. In 1831 he

prepared a catalogue of insects, which was appended to Hitchcock's

Massachusetts Geological Report, and at a later -period he was

appointed by Massachusetts a- one of a commission to make a more

thoroughgeological ami botanical survey of the state. In this caps

lie prepared his noted classic report on inset is injurious to vegetation,

firsl published in full in 1841, the portion on beetles having appeared in

1838. II" reprinted the work under the name of "treatise" instead

of "report*' in L842, and again in revised form in 1852. The whole

sum received by him from the state for this labor was *175. After

1: - death the work was inted by the State in its present beautiful

form, with wood engravings which marked an epoch in that art. The
practical value of Dr. Harris's work has been vast. His scientific

reputation has steadily grown. 'His book is to-day as valuable as it

was when first written, more than fifty years ago. On entering any
entomological workshop in the land the first book that will catch the

eye upon the desk is a well-worn copy of the "Treatise upon in>e>-!s

injurious to vegetation." lie was fortunate in having a new held;

but it is impossible to conceive thai lid at that time have
b.M u more intelligently worked, from both t he scient Lfic and the prac-

tical standpoint. Many new insect pests have been studied since his

time, and many new and practical ideas in regard to the warfare

against injurious insects have been advanced; but no one has had to

do over the work which Harris did so well. He kept constantly in

mind the idea that it is necessary to know the life history of the

insect before suggesting remedies, and although in his work he had
little to say about insecticides or then- application, he was successful

in many instances, as in the case of the salt-marsh caterpillar, to

which reference has been made, in showing that after the life history

and periods of transformation of a given insect foe are accurately

known, some slight variation in cropping or in agricultural methods
will do away with the loss. This important idea was lost sight of

until comparatively recent years, and even of late the great develop-

ments in the mechanical destruction of insects caused it to become
temporarily obscured; but there can be no doubt that as a general
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principle it affords the most natural method of fighting many insect

pests. If Harris had been an agriculturist himself, or if he had

known more of agricultural methods, he would perhaps have given

his work a greater practical turn than he did. He was, as a matter

of fact, a naturalist and a student in disposition; the fact that he

was educated as a phj'sician and was by occupation a librarian (theo-

retically an unfortunate combination for practical agricultural ideas)

emphasizes the broad-mindedness of the man when we realize the

value of his work.

INVESTIGATIONS BY THE STATE OF NEW YORK.

In his economic line Harris worked practically alone throughout the

greater part of his ca«reer, until during the latter part of his life, when
Dr. Asa Fitch, of New York (1809-1879), began to write for different

agricultural journals about injurious insects. Two years before the

death of Harris, in 1851, the New York State legislature made an appro-

priation of $1,000 for an investigation of insects, especially of those

injurious to vegetation, and authorized the appointment of a suitable

person to perform the work, the matter being placed in the hands of the

New York State Agricultural Society. Dr. Fitch received the appoint-

ment, and from 1851 to 1870, with the exception of the years 1859,

18G5, and 18G8, he published an annual report in the "Transactions

of the New York State Agricultural Society." The value of his labors

was great. In his fourteen reports the great majority of the inju-

rious insects of the State of New York received more or less detailed

consideration, and in most cases the life histories of the insects

treated were worked out Avith great care. The remedial measures

which he suggested have, however, been largely improved upon, and

the practical value of the reports to-day rests almost entirely on the

life-history side.

COMMENCEMENT OF INVESTIGATIONS BY THE GENERAL GOVERNMENT.

At about the time when the State of New York began her annual

appropriation to support State work in economic entomology, the

General Government, in a small way, took up the same line of inves-

tigation. Townend Glover was appointed on June 11, 1851, by the

Commissioner of Patents to collect statistics and other information on

seeds, fruits, and insects in the United States under the Division of

Agriculture of the Patent Office. His first report, illustrated by six

plates engraved on stone by the author, was published in the Annual
Report of the Commissioner of Patents for 1851, and comprised some
consideration of the insects injurious to wheat, the cotton plant, and
the grapevine; also of the plum curculio, codling moth, and peach
borer, closing with an account of the more common species of benefi-

cial insects. His second report, in 1855, continued the consideration

of cotton insects and contained some account of insects affecting the
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orange. He published nothing in 1856 and 1857, but in 1858 he con-

tinued his report upon orange insects. He then resigned his position,

to be reappointed in 18G3, shortly after the establishment of tbo

Department of Agriculture as a separate Institution. From that date

Ins reports follow eonsecut ively down to L877. From 1856 to I

Fitch and Glover had the field in economic entomology in the United

States practically to themselves.

OCCASIONAL ENTOMOL< >GICAL WRITERS.

Occasional entomological articles were published in agricultural and

other journals, among the writers of which may be mentioned 3Liss

Margaretta II. Morris, Dr. William Le Baron, James Kirkpatrick, Dr.

S. S. Rathvon, Dr. S. S. Haldeman, Cyrus Thomas, Thomas Affleck

(in the South), and, beginning in 18G4, Dr. Isaac P. Trimble.

INVESTIGATIONS l:V Tin: STATE OF ILLINOIS.

In the above list we have not mentioned perhaps the most forcible

and clearest of all, a man who combined in the highest degree practi-

cal ideas with scientific attainments, for the reason that he deserves

separate and independent mention. This was Benjamin I). Walsh
(1808-1869). He began to write on economic matters in 1860, and con-

tinued to do so with great prolificacy until the time of his death, pub-

lishing in all three hundred and eighty-five articles upon injurious

ins<M-i^. In 1865 he founded the first journal devoted to economic

imology in this country, and the writer is inclined to believe the

first in the world. It was cut it led "The Practical Entomologist," and
was published by the entomological society of Philadelphia, lasting

through two volumes of twelve numbers each, being discontinued in

September, L867, for lack of financial support. In the meantime,

however, the Illinois State legislature during the winter of 1866-67

d a law, as the result of a petition from the State horticultural

society, enacting that a State entomologist be appointed by the gov-

ernor with a salary of $2,000 per annum for a period of two years.

At a special session of the legislature held in June, 1807, the governor

sent in the name of Mr. Walsh for confirmation, but the senate post-

poned action upon it until the next regular biennial session in the

winter of 186S-G9; hence, it follows that Mr. Walsh's first and only

official report was published as acting State entomologist, its prepara-

tion having been delayed by a long period of ill health which pre-

ceded the railway accident that was the immediate cause of his death.

Walsh was a very forcible character, a ready writer, and a ready

public speaker, and by virtue of his strong personality", as well as by
a marked hatred for fraud and pretense, was the best man who could

have been found to place the comparatively new field of investigation

upon a firm basis. He showed up prevalent quack remedies in the

most scathing and at the same time humorous manner, and attracted
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new workers to his school. An instance in his career, illustrating

his power as a speaker, reminds one of the circumstances surrounding

the so-called "lost speech" of Abraham Lincoln. Walsh delivered

a lecture before the Illinois State Horticultural Society in January,

1800. He spoke extemporaneously for two hours, communicating his

ideas in such a manner as to hold the audience perfectly. - The
reporter of the lecture stated that he became so intensely interested

t hat his hand refused to-move his pencil. In 1868, in joint editorship

with Charles V. Riley, Walsh started a second journal devoted largely

to economic entomology, which was known as the "American Ento-

mologist," and which also lasted through two volumes before lack of

funds caused its publication to cease.

INVESTIGATIONS BY THE STATE OF MISSOURI.

Up to this time we have seen that three States had given official

support to scientific work on the subject of injurious insects, namely,

Massachusetts, New York, and Illinois, although the Massachusetts

support, as already shown, was of a most meager character. In 1868

the State of Missouri joined the list by the appointment as entomolo-

gist, of Charles V. Riley, who entered upon his duties on April 1 of

that year, and published his first annual report the following Decem-
ber. From that date there followed, annually, eight additional

reports, the ninth being submitted March 4, 1877, and covering the

year 1876. At the time when Riley began his work, in spite of what

had been done by the isolated labors of the men we have mentioned,

the study of economic entomology in the United States compared

most unfavorably with that in Europe. There elaborate works pre-

pared by well-known naturalists had been published at Government
expense, and smaller treatises on the subject of insects injurious to

gardens, fields, and forests had frequently appeared, while the sub-

ject was taught in the numerous agricultural colleges and schools,

especially in Germany. But with the beginning of the publication of

the Missouri Reports, and perhaps even a little earlier—with the

influence of the practical-minded Walsh, with whom Riley had been

intimately associated for several years—the United States was about

to begin a rapid progress in this direction, which ultimately placed

her at the head of all other countries. Riley's nine reports were mon-
uments to the State of Missouri, and more especially to the man who
wrote them. They were original, practical, and scientific. They cov-

ered a very great range of injurious insects, and practically all the

species which were especially injurious during those nine years

received full and careful treatment. These reports may in fact be

said to have formed the basis for the new economic entomology of the

world, and they included a multitude of observations and intelligent

deductions which have influenced scientific thought. Their value

to the agriculturist, as well as to scientific readers, was greatly
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enhanced by a remarkable series of illustrations, which were drawn
by the author and engraved upon wood by the most skillful Avood

engravers of that time.

BEGINNING OF A PERIOD OF GENERAL INTEREST IN ENTOMOLOGY.

While the -Missouri Reports were being published, Dr. William Le
Baron was appointed State entomologist of Illinois, an office which has

been continued down to the present time, and the work of Le Baron
and his successors, Cyrus Thomas and S. A. Forbes, has contributed

in a marked degree to the progress of the economic application of

entomology. During the Missouri period the well-known zoologist,

A. S. Packard, acted as entomologisl to the Slate board of agriculture

of Massachusetts, and published three reports, covering the years 1871,

L872, and 1 S7o ; a number of young men also began to interest them-

selves in this line of work, and appreciation and interest on the part

of the farming and fruit-growing population steadily grew.

In 1*77 the United States Entomological Commission was founded
by act of Congress and placed under tile charge of the Secretary of

the Interior, who appointed as members of the commission Charles

V. Riley, A. S. Packard, and Cyrus Thomas. This commission, estab-

lished for the purpose of invest [gating the ravages of the Rocky .Moun-

tain locust, or Western grasshopper, an insect which had destroyed
the crops of certain Western States during the years L87 !-ls7»',, existed

for several years and published live reports of lasting value, as well

as seven bulletins.

In L878, Townend Glover's health having failed, Riley, fresh from
his successful labors in Missouri and from the completion of the first

volume issued under the entomological commission, was appointed

entomologisl of the Department of Agriculture in succession to Glover.

He held the office for a year and resigned, owing to a misunderstand-
ing with the authorities, lie was succeeded by J. H. Comstock, of

Cornell University, who held the office for two years, when Dr. Riley

again took charge of the Government entomological work, continuing

until June, 1894. During the successive incumbencies of Riley and
the intervening term of Comstock the Government work constantly

improved, became more and more appreciated, and was an all-impor-

tant factor in the development of public interest and appreciation.

(For portraits of Harris, Fitch, Walsh, Riley, and Glover, see PI. III.)

INVESTIGATIONS BY THE STATE AGRICULTURAL EXPERIMENT STATIONS.

A most important step was taken when the so-called Hatch Act
passed Congress, under which agricultural experiment stations were
established in all of the States of the Union. Most of the stations

were organized in the spring of 1888. A number of entomologists

were soon appointed and active work began practically in the month
of February. The first entomological bulletin published by any of

the experiment stations was issued in April, 1888, from the Arkansas
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station, by S. II. Crossman, and was entitled "The peach-tree borer

and the codling- moth." Bulletins from Hulst in New Jersey, Morse

in California, Tracy in Mississippi, Ashmead in Florida, and Weed in

Ohio, followed in May. Popenoe in Kansas, and Perkins in Vermont,

published one each in June, and Fernald in Massachusetts, and Lug-

ger in Minnesota, published one each in July. This movement, the

importance of which to American economic entomology can hardly

be overestimated, is too recent to require full historic treatment at

this time. Activity in this branch of the work has increased with

very great rapidity since 1888, and the character of the work done is

on the whole better in almost corresponding ratio. Early publica-

tions were, largely as a matter of necessity, compilations. It was
desirable to inform State agricultural constituencies of what was
already known. With the gradual increase in libraries, laboratory

facilities, and financial support, as well as appreciation on the part of

farmers, opportunities for original investigation and experimentation

have been gradually increasing until the present time. The majority

of the entomologists of the State agricultural experiment stations are

now in position to add to entomological knowledge and to do practi-

cal field work of value, and they are taking advantage of these facil-

ities in a most praiseworthy manner. Of course, a large share of the

influence of the work of these offices is gained through their corre-

spondence with agriculturists and through addresses before farmers'

institutes and other agricultural gatherings; but judging by the pub-

lications alone the gain has been very great. During the calendar

year 1898, for example, sixty-one separate publications were issued

by the different State experiment stations, either devoted entirely to

matter on economic entomology or containing articles upon the sub-

ject, the total number of pages on applied entomologjr reaching nearly

1,400. During the same period nineteen separate publications on
economic entomology were issued by the Department of Agriculture,

containing a total of about 1,000 printed pages.

FOUNDING OF THE ASSOCIATION OF ECONOMIC ENTOMOLOGISTS.

The founding of the Association of Economic Entomologists in

1890 was an important step in the progress of the application of agri-

cultural science. It has brought together in its annual meetings

working economic entomologists of different parts of the country,

placed them in personal relationship with one another, enabled

them to discuss questions of general remedies, and has helped them
to broaden their local entomological horizons. By virtue also of a
regulation which admits to corresponding membership persons engaged
in economic entomology in other parts of the world and which pro-

vides for the constant interchange of publications between all mem-
bers of the association, the desirable object has been reached of a
compact and rather intimately associated union of all the workers in
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all parts of tie world engaged in this particular subject, a condition

which it is believed does not exist in any of the other sciences as

applied to agriculture. This broad movement, originating- in the

United States and carried on almost entirely by American workers,

rves special mention in an account of the progress made in this

country.

OVEBY OF SAN JOSE SCALE IX THE EASTERN UNITED STATES.

An historical account of American progress in economic entomology

in the present century would be a poor one indeed if it did not mention

tlic one thing which perhaps more than any other aroused general

interest in the subject and brought the economic entomologist most
prominently to the front. We refer to the discovery of the existence

of the San Jose scale in the Eastern United Stales in the year 1893.

This insect, introduced into the United States from some unknown
region, made i;-> appearance in the vicinity of San Jose, CaL, late in

the seventies. Ii spread rapidly over the State of California and was
soon known as the most dang nemy to deciduous fruit trees on

the Pacific coast. In 1887 or 1888 two innocenl nurserymen living in

New Jersey unwittingly brought it to the East upon nursery stock.

[ts p was not discovered until 1893, when it had already been
ad far and wide upon shipments of young trees. So great an

industry had the sale of nursery stock become and so rapid was the

multiplication of th< that without another introduction of the

from California the produd of these two introductions into the

East had in six or seven years been spread through portions of almost

every one of the Eastern and Middle States. The scale established

Lf a! almosl every point where it was introduced except in certain

northern localities, where the climate appears to have been too cold

for its development, and ii multiplied so excessively as to cause the

death of thousands of trees before it-^ presence became known. It was
firsl found at Charlottesville, Ya., and other infested localities were

overed in i --'••i. Warning publications were issued to fruit growers

and nurserymen, and year after year discoveries of its occurrence

in unsuspected regions multiplied until in 1897 and 1898 it was seen

that there was hardly an important fruit-growing region in the United

States which was not directly threatened by the pest. In the mean-
time there was the greatest activity with regard to the insect on the

part of economic entomologists, agricultural and horticultural socie-

ties, agricultural journals, and State organizations. The literature

relating to the insect became very great. Its bibliography by July,

1S98, comprised several hundred titles of permanent record and several

thousand titles in ephemeral publications. It occupied the attention

of nearly every meeting of farmers and fruit growers that was held in

the United States from 1891 to 1898, from the village club to the great

State agricultural or horticultural society. It was the exciting cause

of a national convention of fruit growers, farmers, entomologists, and
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nurserymen which was held in Washington, D. C, in the spring of

1897. It has been the subject of legislation in eighteen States of

the nation and its suppression the principal object of two bills which

were laid before Congress.

The general spread of this destructive insect worked great hard-

ship to many fruit growers, and was the cause of the loss of many
thousands of dollars; but looking at it in another way, the writer is

firmly of the opinion that it has already been productive of great

good and that its ultimate effect will be shown to have been most
beneficial. Some of the State laws and the regulations which have
been adopted to take effect under the provisions of these laws ma}'

not be wholl}' justified or thorough^ wise, but much beneficial legis-

lation has been enacted, and no one cause has begun to operate so

strongly as this in indicating the economic value of entomological

knowledge and of Government support to entomological investiga-

tions, while the actual practical work which has been done against

this insect by the small army of workers has greatly increased our
knowledge of the action of insecticides, both upon insects and upon
plants, and of the best methods of applying them.

PROGRESS IN REMEDIAL DISCOVERIES.

EARLY REMEDIES.

The remedial recommendations of the first sixty years of the cen-

tury were on the whole not very valuable. A few common-sense
suggestions were made, based upon a thorough knowledge of the life

histories of certain insect pests, due almost entirely to the work of

Harris and Fitch and in a lesser degree to the observations of Peck,

although in this connection it should also be stated that excellent

work was done on the Angoumois grain moth, or so-called fly weevil,

of the South by two Southern planters, namely, Landon Carter and
Edmund Ruffin. The majority, however, of the recommendations
published in the agricultural journals and reports were theoretical

and frequently nonsensical, seldom based on any accurate knowledge
of the insect's life history, and sometimes derived from European
sources. The following short list has been gathered in a haphazard
way from publications of the period, and will serve to illustrate the

general character of the recommendations

:

To protect cabbages from the depredations of caterpillars.—Sow a belt of hemp
seed around the borders of the ground when the cabbages are planted.

—

New
England Farmer, June 25, 1830.

Cankerivorms.—Use leaden gutters filled with some fluid over which the grub
could not pass. Lnmp oil is recommended.

—

New England Farmer, Jxdy 13, 1831.

Cankerivorms.—Make a band of chestnut burrs by stringing them together with
strong twine and tie around the trunk.

—

New England, Farmer, April 9, 1834.

Bot-fly of the horse.—Scrape off the eggs every ten days with a sharp knife.

Phlebotomize over the jugular vein and use mild oils freely.

—

Neiv England
Farmer, May 5, 1826.
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t.—Strew Blacked lime an inch thick around the trees to the extent
of 3 or 4 feet from the roots.

—

New England Fai m r, July 7, i-

( tonkerworms.—Tarring the trees.—Ni w England Farmer, Jul%

Slugworms.—Dusting lime on the leaves by suspending an old seive on a long
pole.

—

New England Farmer, July

Rose-chafer.—Slacked lime applied from a dredging box while the fruits or
plants are wet with dew. wetting the plants first with a weak solution of gum
arabic.—N( w England Farmer, May 3,

< 'anfa rworms.—Scrape the trees and tie on bands of hair rope.

—

The Cultivator,
Apt .

'!'• nt caterpillars.—Fasten a bottle brush (made to clean the inside- of bottles and
composed of hogs' bristles introduced between two stiff wir< s closely twisted) to a
long pole, press it on the small nest, turning the pole in hand and tangling and
removing the web.

—

Timothy Pickering, in Massachusetts Agricultural Journal,
Vol. TV, July, 1817.

j: ,
,r., trfl.—Let everybody feed all of their peas to their cattle and import a

new stock of seed from Europe.

—

William Bartram, in Memoirs Philadelphia
tyfor Promoting Agriculture, Vol I, 1815 {read July .

Plum curculio.—Suspend bits of board about the size of a case knife, dipped in
tar, on the tree as a detern nt. Make a pavement about the tree by placing flat

stones cemented with lime cement. Give hogs the run among the trees to destroy
the fallen fruit.— William Bartram. in Memoirs Philadelphia Societyfor Promot-
ing Agriculture, Vol. f. 1815, Appendix, pp.

//• 8sianfly.—Destroy the stubble of grain soon after harvest by burning or oth-
erwise.—Jonathan N. Haydens, in Transactions Society for Promotion of Agrir
culturt for New Yo rk, Vol. J, 179S, pp. 89-1

Caterpillars on trees {presumably tent caterpillars) .—'Bore a hole into the tree
about inches deep and fill it with sulphur, a remedy which is said to have never
failed. Several cases instanced.

—

Oeorge Webster, Albany, in Memoirs Board of
Agriculture State ofNew York, Vol. II,

All insects on trees.—Sulphur plug.—Farmers' Register, Vol. I. 1834, p. *'-/•''•

Moths in wheat.—Mix large parcels of the twigs of the China tree with the wheat.
In one fortnight, on experiment, not a weevil was to be found.

—

Farmers' Regis-

ter, Vol. I. 1834, P<

Hessian flij.—Late sowing.—Farm ' R gister, Vol. I, 1S34, p. 310.

1 ' ach-t\
!

• /-.—Remove the soil around the base of the trunk, put in a com-
position of clay and ashes, and wrap stiff brown paper around the tree to the height
of a foot.

—

Far:,:, rs* Register, Vol. J. 1834, i>- 417.

A rather elaborate article was published as a prize essay of the New
York State Agricultural Society iu 1S-43 1 under the title' 'A treatise on
insects injurious to field crops, fruit orchards, vegetable gardens, and
domestic animals, with a description of each and the best methods of
destroying them or preventing their ravages." This essay, which
covers about fifty pages, contains practically nothing original, and
some of the remedial recommendations are rather amusing. For
example, in writing of the wheat midge, the author says: "Fumigat-
ing the fields with sulphur or smoke from any materials will retard
their action for a time, and, could it be continued, might destroy them.

1 Transactions Xew York State Agricultural Society, Vol. Ill, 1843.

1 a 99 10
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All pungent odors are offensive to the grain fly, as they are to the mos-

quito, and that most offensive of all odors, the one proceeding from

the skunk, has been tested and highly recommended as a preventive."

It was this sort of work that especially aroused the indignation of

Walsh. The caustic manner with which he showed up the unfounded

utterances of impractical and ignorant persons may he illustrated by

his comment upon a newspaper article which recommended banding

trunks of trees as a remedy for all the insects which injure trees:

The worm in fruit trees ! As if fruit trees were not afflicted by hundreds of dif-

ferent worms, differing from each other in size, shape, color, and habits of life,

time of coming- to maturity, etc., as much as a horse differs from a hog. Yet the

universal bandage system is warranted to kill them all. Does the apple worm
boro your apples? Bandage the butt of the tree, and he perisheth forthwith.

* * - Does the web worm spin his web in the branches? Bandage the butt, and

he dieth immediately. Does the caterpillar known as the red-humped prominent or

the yellow-necked worm strip the leaves off ? Bandage the butt of the tree, and hey!

presto! he quitteth his evil ways. Does the Buprestis borer bore into the upper

part of the trunk? * * * Still you must bandage the butt with the same uni-

versal calico, and in a twinkling he vamoseth the ranch. Be the disease what it

will, the univeisal, patent, never-failing pill is certain sure to extirpate it. * * *

fn obstinate cases it may perhaps be necessary to bandage the whole tree, trunk,

brandies, twigs, and all; but if you only apply bandages enough, the great bandage

anthelmintic vermifuge is sure to be a specific against the genus worm. The
genus bug may perhaps require a distinct prescription; something in the nature

of a cataplasm or an emollient lotion. * "
;:" * Long live King Humbug! Ho

still feeds fools on flapdoodle, and many of them have large and flourishing fami-

lies, who will perpetuate the breed to the remotest generation.

A NEW ERA IN REMEDIES.

With the writings of Walsh, immediately followed by those of

Riley, a new era of excellent remedies founded upon ace urate knowl-

edge of the economy of the insects in question began. Aside from the

excellent recommendations which had been made with regard to agri-

cultural practice, as it has been termed, and which refers to such

matters as rotation of crops, different times of planting and harvest-

ing, and different methods of cropping, etc., the first great start which
the new economic entomologist received from the remedial standpoint

was probably the introduction of Paris green as an insecticide.

Paris green.

At the time this substance was introduced, the best insecticides in

use were the various forms- of soap, tobacco, quassia chips, carbolic

acid, and hellebore, although the last was a eomparatively new remedy
and came into general use at about the time of the spread of the

imported currant worm in the late fifties. The spread of the Colorado

potato beetle into the Eastern States between the years 1859 and 1872

shirted a great deal of experimental work in regard to remedies, and
I'aiis green was first used at some time early in the sixties. The
name of the first man to use it is not known, but b}r 18G8 it was being

used by several persons. The editors of the American Entomologist



PROGKESS IX ECONOMIC ENTOMOLOGY. 147

(Vol. I, i>. 219, July. L869) recommended it confidently as a result of

experiments tried both in 1868 and 1869, and in the former year Mr.

J. P. Wilson, of Illinois, took out a patent for one part Paris green and
two parts mineral paint, to be used to kill potato bugs. The use of

Paris green against the cotton caterpillar seems to have been first

• 1 by Riley al the St. Louis meeting of the National Agricul-

tural Congress in 1872, although in January, 1871, T. W. Mitchell, of

Texas, secured a patent for the use of a solution of arsenic against

this insect. Its extensive use against the cotton caterpillar has been
a great boon to the cotton planters of the South.

In 1872 Dr. he Baron recommended the use of Paris green against

the spring eankerworm, which was abundant that year. This was
t lie first recommendal ion for its application to fruit trees. Four years

later Prof. A. J. Cook repeated the recommendation, and in 1878 the

advice was followed by many apple growers in Michigan. In 1878

Air. J. s. Woodward, of Lockport, N. Y., advised Mr. Edward P.

Haynes, of Niagara County, N. Y., to spray his apple trees with Paris

a against cankerworms. The following autumn Air. Haynes
noticed that the apples in th 1 part of the orchard were much

infested by the codling moth than in other parts of the orchard.

.Mi-. Woodward visited the orchard, verified this fact, ami reported it

at the January meeting of the Western New York Horticultural Soci-

ety. Mr. Woodward, writing to the late E. (i. Lodeman, when the

latter was engaged in preparing his work entitled "The spraying of

plants," said: N

I shall never forgel this, because of the way in which

I was jumped upon as a crank." Almost at the same time the ;

overy wasmade by Professor Cook, in Michigan, and by Hon. John
Al. Dixon, of Oskaloosa, Iowa, the latter, however, using London
purple instead of Paris green. 1 This discovery lias resulted in the

of arsenical poisons in enormous quantities in regular orchard

work. It was adopted slowly, on account of the supposed danger from
i. 3 use. Even Riley, who had been so prominent in urging the use o(

arsenical poisons against the Colorado potato beetle and the cotton

caterpillar, writing in the Farmers' Review, in the autumn of 11

Professor Cook, of the Michigan Agricultural College, has lately recommended
tin m [Paris green and London purple] for the killing of a strawberry leaf-beetle

Ima Oiiv.), which, as he shows, lives in its larva state beneath the

ground; also for the destruction of the apple worm. In the first instance it were
eminently dangerous to use such a poisonous remedy while the plants are fruiting,

and I would not recommend it even later in the season until every other available

remedy had been tried. In the second case it is even less to be recommended.
It will undoubtedly serve to kill many of the first brood of worms, and this is

desirable: Tut there is as good evidence that lime or plaster dusted onto the young

'See the writer's article on the codling moth, in the Annual Report of the

Department of Agriculture. 1887, pp. 88-115, for a discussion of this question.

See American Entomologist. Vol. Ill, p. 244.
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fruit has much the same effect, while experience has shown that the bandage sys-

tem and other methods of fighting this ins. ct, when judiciously and persistently

adopted from year to year, are sufficient to insure a crop at trifling cost. Finally,

if the poison is so persistent in the calyx as to have any effect in destroying the

second brood of worms, that will only heighten the danger to those persons who
subsequently eat the fruit.

Professor Cook, in a paper read before the American Association

for the Advancement of Science at its Boston meeting, in 1880, as

well as in subsequent papers read before the Michigan Horticultural

Society and the Society for the Promotion of Agricultural Science,

gave his annual experience, and was the most ardent advocate of this

treatment for codling moth. The careful experiments made by Forbes
in 1885 added great weight to the remedy, on account of his wide rep-

utation for care and conservatism. E. S. Goff, then at Geneva, N. Y.,

also published results of some careful experiments made in 1885. In

L887 experiments made by W. B. Alwood and E. II. Cushinan for the

Division of Entomology emphasized the value of the treatment, which

the writer did not hesitate to strongly recommend in his article on

the codling moth, published that year. As Lodeman has shown, how-

ever, very few of the most progressive orchardists adopted the rem-

edy until after the establishment of the State agricultural experiment

stations in the spring of 1888, when added emphasis was given by the

experiments and recommendations of the newly appointed entomolo-

gists and horticulturists.

The same substance, Paris green, was first recommended against

the plum curculio by Mr. G. M. Smith, of Berlin, Wis., in 1871, but

the idea that it would be efficacious was generally discredited. ' Mr.

J. Luther Bowers, of Herndon, Va., used it in 1880 with good results.

Mr. William Creed, of Rochester, 1ST. Y., recorded the complete suc-

cess of two years' work against the insect in Purdy's Fruit Recorder,

in November, 1885, and during the same year Forbes experimented

most carefully in Illinois. In 1887 W. B. Alwood and Herbert

Osborn, working for the Division of Entomology; A. J. Cook, in

Michigan, and C. M. Weed, in Ohio, also carried out successful exper-

iments, and the remedy has since come into general use. By 1887, in

fact, arsenical poisons had become the standard remedy against nearly

all mandibulate or gnawing insects. Their use in other countries

has been brought about very slowly, and they have but slight vogue
in Europe to-day. Miss Ormerod, in her numerous reports, has

recorded the difficulty which she has experienced in securing their

adoption by English orchardists. The English colonists, however,

more enterprising and less conservative than the home people, have

taken them up, and they are used to-day in New Zealand, Australia,

and South Africa.
A rsen ical compo unds.

Much experimental work with different arsenical compounds has

been carried on in the United Stabs since Paris green made its
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appearance. London purple, a by-product in the manufacture of

aniline dyes, was introduced Hi rough the efforts of a London house
in the early eighties, and il has been used to a very considerable
degree. lis peculiar color was considered a strong argument in favor

of its use (in account of the case in distinguishing sprayed plants

and on account of its ready recognition as a poison. This latter

argumenl failed in one instance, at least, as was pointed out by the

late Dr. \Y. S. Barnard, who, on one occasion, while traveling on
a Mississippi River steamboat, discovered that the London purple
sitting through sacks in the cargo had been used by the enterprising

steward to color the ice cream which was served to the passengers.
The variable amount of arsenic contained in this compound, however,
renders it a less satisfactory substance to use than some of the other
arsenical combinations. The use of common white arsenic, especially

when mixed with lime, has been recommended, and its experimental
use in this combination was first tried and advocated by Gillette

when connected with the Iowa experiment slat ion. A compound known
at arsenate of lead has come into somewhat general use in the last few
years. Tins substance was first used by the gipsy-moth committee
of the Massachusetts state board of Agriculture in its work against
the gipsy moth, an inseel which is able to consume a considerable

quantity of arsenic without harm, from which fact a poison was
needed which could be sprayed upon the trees iii very strong solution.

The lead compound enabled its use in great strength without, the

ordinarily resulting damage to the foliage. Later compounds are the

simple arsenite of copper, first recommended by Mr. 0. L. Marlatt, of
this office, and a mixture recommended by Professor Kedzie, of the
Michigan Agricultural College, in the following proportions:

White arsenic .. pounds.. 2

Sal soda do. .. 4

Water .gallons.. 2

Boil together for fifteen minutes; then slake 2 pounds of lime and stir it in 40
gallons of water, adding a pint of the above mixture.

The simple arsenite of copper is preferable to Paris green on
account of its smaller cost and in being a \i-vy fine powder, which
remains easily in suspension. It contains about 50 per cent of

arsenic, and is marketed under the name of green copper arsenite.

Ki in:./ ne emulsions.

Another distinct and very important advance in the line of reme-
dial application was the general adoption of kerosene, emulsified so

as to stand dilution with water, against sucking insects. The insec-

ticide properties of pure kerosene have long been known. Lodeman
has shown that kerosene was recommended for the destruction of

scales on orange trees in 18G5, 1 and was also successfully applied to

1 Gardeners' Monthly, December, 1865, p. 364.
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oleander, sago palm, acacia, and lemon trees. This, however, was
only greenhouse work, as the oil was poured into a saucer and applied

by means of a feather. The Gardeners' Monthly the following- year

recommended it for destroying all insect life, but modified this rec-

ommendation later by the statement that the vegetable oils were
safer. Mr. William Saunders, of the Department of Agriculture, told

the writer, in 1878, that he had been using a meeha ideal mixture of

kerosene and water in greenhouse work for many years. Mr. George
Cruikshank, of Whitingsville, Mass., used a mixture of kerosene and
whale-oil soap as early as May, 1870, practically producing an emul-
sion. 1 Henry Bird, of Newark, N. J., in 1875, made a mixture in

which he used a little kerosene oil with strong soapsuds, finding that

it combined readily, and could be applied uniformly with a syringe.

In 1878 A. J. Cook 2 recommended a mixture of kerosene oil and
soapsuds. In 1880 W. S. Barnard, working for the United States Ento-

mological Commission, suggested and produced an emulsion of kero-

sene with milk, which was used with some success. In the winter of

1S81-82 H. G. Hubbard, working for the Division of Entomology, made
a stable milk emulsion with condensed milk, which he used success-

fully against scale insects on orange trees, and in ISSi the same inves-

tigator originated by experiment the standard kerosene-soap emulsion
now commonly known as the '

' Riley-Hubbard formula. " Cook, work-
ing in Michigan, had arrived at a different formula, and his failure

to make a good emulsion by the "Riley-Hubbard" formula was
shown by Marlatt to be due to the exclusive use of very hard
water at the Michigan Agricultural College. This kerosene-soap

emulsion, generally made according to the so-called "Riley-Hub-
bard formula," was speedily adopted, and has become one of the
most used and most reliable insecticides against all sucking insects.

(See Yearbook for 189G, footnote to page 232, for mention of a possi-

ble earlier use of kerosene emulsion.)

Hydrocyanic-acid gas.

Another very important insecticidal process which has come into use

during the last fifteen years is that of fumigation with hydrocyanic-

acid gas, although the introduction of this process has had by no
means the same far-reaching effects as the discovery and general use

of arsenical poisons and kerosene emulsion. The process originated

in California as the direct outcome of the efforts of this office against

scale insects, the original work being carried on by D. W. Coquillett,

a field agent of the Division of Entomology, and E. Morse, of the

University of California, and subsequently largely by private enter-

prise, although experimental work in different modifications of the

process was done by Mr. Coquillett, or under his supervision. The
plan of covering trees with oiled tents and liberating beneath the

'Gardeners' Monthly, February, 1875, p. 45.

- Report of the Michigan State Board of Agriculture for 1873, p. 434.



PROGRESS IX ECONOMIC ENTOMOLOGY. 151

bents a supply erf this deadly gas, produced by treating cyanide of

potassium with sulphuric arid, was adopted by citrus growers and by
county horticultural commissioners to a very considerable extent in

California. Its use was practically restricted to this State down to

. although some experiments had been made with its use on the

Island of Montserrat, British West Indies, against scale insects on

orange and lemon trees in 1894-95, upon the recommendation of Pro-

v Riley, who visited this island in company with 3Ir. Hubbard in

the spring of 1894. With the development of the San Jose scale work
in the East, however, this process was soon introduced in this part

of the country. The first experiment made with it was undertaken
by Mr. Co(|uillett on the grounds of Dr. C. II. Hedges, of Charlottes-

ville, Va. (the first poinl where the San Jose scale was discovered east

of the Rocky Mountains), in the month of March, 1894, and the writer *

of this paper in April, L894, described the process without especially

recommending its use, as at that time the results of the Charlottes-

ville experiment had not become apparent. 1 More recently the proc-

ess has been carried on, apparently with great success, in Mary-
land orchards by Prof. W. <J. Johnson.

A ureal ami important developing nt of the use of this fumigating

process, however, soon took place in its application by nurserymen to

their stock before delivery to purchasers. This process, adopted by

many nurserymen for self-protection and required by the laws of cer-

tain States, was, the writer believes, first recommended by him in

conversation with Dr. J. 15. Smith, entomologist of the New Jersey

Agricultural Experiment Station, in September, 1894, while visiting

the nurseries of the Parry Brothers, in New Jersey, lis use in

this way was recommended in Bulletin No. ''<, new series, of the Divi-

sion of Entomology, bul in the meantime it had been recommended by

Dr. Smith in Bulletin No. 10G of the New Jersey station, published

November 22, 1894. To Dr. Smith, therefore, belongs the credit of

the first published recommendation. Since that time the process has
• into vry general use. Experiments by Alwood in Virginiaand

by Johnson in Maryland have resulted in the fixing of methods and
in the establishment at many points of buildings erected for the sole

purpose of fumigating nursery stock.

Another form of the use of hydrocyanic-acid gas against insects lias

received consideration during the past five years and hasnowreached
practical results; this is its application against insects affecting green-

house plants. The greenhouse itself, being a closed building or a

building which may be closed, renders the use of the gas at night a

comparatively simple matter, but the great variety of plants of vary-

ing resistant qualities which are found in greenhouses has rendered

necessary extended experimentation in order to insure safety to

the plants themselves. The extended work of Messrs. Woods and

1 Circular No. 3, second series, Division of Entomology, published April 4, 1894.
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Dorsett, of the Department of Agriculture, and Mr. Hemenway, of the

Massachusetts Agricultural College, as published by the Division of

Entomology, has established the usefulness of this application within

certain limitations. It seems, however, that specific experiments

under all possible varying conditions and upon all possible varieties

of plants must be made before the remedy can come into general use.

The three main insecticide discoveries.

The use of arsenicals, of kerosene emulsions, and of hydrocyanie-

aeid gas are the main insecticide discoveries of the closing portion of

the century, and their use as practiced to-day has been dependent

upon a great amount of experimental work, carried on, perhaps,

mainly by economic entomologists. This experimental work included

not only a consideration of the proper proportions of the insecticides

when used against different insects, bat also a determination of their

effect upon the foliage of different plants in different climates, under

different local climatic conditions, in different seasons, and even at

different times of the day, as well as different methods of preparation

involving the points of ease and economy.

Experimental work with other insecticide substances.

A great deal of valuable experimental work has been done also with

other substances and mixtures. This work has been of value, even

where the results have been negative, as forestalling future labor and
especially as putting a quietus upon unfounded recommendations

and upon valueless proprietary claims. The extensive experiments

with pyrethrum mixtures, for example, which resulted in the estab-

lishment of an extensive industry in home-grown pyrethrum powder
and in a large series of tests in growing Pyrethrum roseum and P.

cineraricefoliumj the extensive experiments with different whale-oil

and fish-oil soaps, begun originally in the work of the Division of

Entomology against the hop plant-louse in 188G and carried on

much further in 1895-96 in the work against the San Jose scale;

the experimental work with the old quassia chips solutions and decoc-

tions; the series of experiments with supposed insecticidal native

plants, and a host of other experiments of similar nature may be cited

as evidence of the extent of this work. Probably the most important

of the remedies of what may be termed secondary value, and which

have been brought forward by this work of recent years, is the use of

bisulphide of carbon against insects affecting stored grain.

Machinery for distributing insecticides.

The development of machinery for the application of insecticide

mixtures is another great advance in applied entomology made during

the past twenty years; and this is a line of work in which especially

the horticulturist and also the vegetable pathologist have had a hand.

This work first became prominent in the investigations undertaken
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by the Governmenl both under the Division of Entomology, Depart-

menl of Agriculture, and under the United States Entomological
Commission in the work againsl the cotton caterpillar in the South.

It is true that in the early days of the march of the Colorado potato

beetle toward the Mast a number of sprinklers and dusters wore
invented for the purpose of applying Paris green to potato plants;

and two or three of these, like "(Tray's improved sprinkler,*" invented

by Frank M. Gray, of Illinois, in 1874. and " Pock's spray machine,"
invented byW. P. Peck, of Pennsylvania, aboul the same time, were
prophetic of the improved knapsack sprinklers which have come into

such great use, especially for dis - >f the grape in France, and
also to a lesser degree in this country. But it was not until the late

YV. S. Barnard, working under the direction of Riley, invented the

admirable eddy chamber, or " cyclone system " of nozzles, following

it with the construction of a number of ingenious, but since super-

1. machines for the field distribution of the poison that what may
be termed the u insecticide-machinery epoch " began. This work was

after taken up in France, where it has been carried to a high
•

:' excellence by such firms as V. Vermorel and others, Ver-

morel inventing a modification of the cyclone nozzle, known there as

the Vermorel modification of the Riley nozzle and in this country as

the Vermorel nozzle. It was not, however, until the use of arsenical

sprays in orchards, againsl the codling moth in particular, and also

list the plum curculio and the cankerworm, became general that

tlie full tide ^\' perfection of insecticide machinery began. As was
quite to lie expected, so soon a- there was a strong demand for such
improved machinery intelligent manufacturers took hold of the prob-

lem and began to place machines ofgreal excellence on the market.

The demand increasing, improvement became more and more abun-

dant, and there are at i he present day many firms in the United States

putting out distributing machines of a high degree of merit and of

almost unending variety, from the hand bucket pump for garden use

to the motor engine pumps and machinery for orchard use on a large

scale. Many nozzles have been invented since Barnard produced his

tirst rough tin modelof the eddy chamber, or "cyclone," as he termed
il, but the modifications of his system remain to-day the most gen-

erally used and the most efficient and economical of any that have

been produced.

WORK OF AX INTERNATIONAL CHARACTER.

In 1889 was brought about by American entomologists the first

example of what may be termed beneficial international work in

economic entomology. The introduction of Novius {Vedalia) cardi-

nalis from Australia into California, where it utterly destined the

white or fluted scale, an insect which had damaged the citrus crops

of California to' the extent of hundreds of thousands of dollars, and
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which threatened the extinction of the citrus industry of the Pacific

slope, is an event which is too well known to need description here.'

II was also an event which has been termed "epoch-making," and

which would deserve the title could it only be often repeated. It

opened up, however, in a practical way a line of work which had

often been suggested by American writers on entomology (the first of

them, by the way, it must be stated, being a Canadian, Rev. C. J. S.

Bethune).

The first and successful importations of this beneficial ladybird

were made by Albert Koebele, a salaried agent of the Division of

Entomology, working under the direction of the late Dr. Riley, but

whose traveling expenses were defrayed from the fund appropriated

by Congress for the representation of the United States at the Mel-

bourne Exposil ton. A later trip to Australian regions was undertaken

by Mr. Koebele while still on the pay rolls of the Division of Ento-

mology, but his expenses were paid from the appropriation granted

bjr California to its State board of horticulture. The results of this

second trip, although not as conclusive as those of his first trip, still

demonstrated in marked degree the advantage of this class of inter-

national work, namely, the introduction of beneficial insects from one

country to another. After Koebele's second trip he resigned his posi-

tion, and was soon after employed bj' the newl}- established Hawaiian

Republic for the purpose of continuing the same class of work for

that country. From reliable accounts it seems certain that his work

along the same line has resulted in great benefit to the agricultural

interests of Hawaii, which, since its annexation to this country, has

once more made Koebele's work a feature of the economic entomology

of the United States.

The United States has been able to assist other Governments in their

work against injurious insects. Sendings of the same ladybird (Novvus

eardinaUs) to South Africa, to Egypt, and later to Portugal, have

brought about results similar to those which proved the salvation of

the citrus industry of California, while other less important exporta-

tions of beneficial insects promise good results. Through the office

which the writer represents there have been several introductions of

beneficial insects from foreign countries. Collections of museum
specimens of injurious insects of foreign countries have also been

made and brought to this country in the course of a study of the

greatly increasing danger which enlarging commercial relations and
rapidity of ocean traffic are constantly bringing about by the intro-

duction of new insect pests.

A striking exemplification of the benefits to be derived from the

prosecution of this international work is actually developing in Cali-

fornia in the probable establishment in that State, through the efforts of

this Department, ofBlastophaga grossorwm^ an insecl yn hieh in Mediter-

ranean countries fertilizes the Smyrna fig, and which it is confidently



PROGRESS IN ECONOMIC ENTOMOLOGY. 155

expected will result in the building up of a fiu" industry in California,

the output of which will rank favorably with, if it does not exceed,

that of the countries which have made tin 1 Smyrna fig the standard

fig of commerce. At the time of the present writing (December, 1899)

four generations of the fertilizing insect have been reared under

natural conditions at Fresno, Cal., and there is every probability that

it will be carried through the winter successfully. The insect hiber-

nates in so-called gall-figs upon, the wild fig tree. Such figs heretofore

at Fresno have fallen with the first heavy frost. The present winter,

hov i srtain number of trees have been protected from the action

of the frost by a canvas covering, and a commercial product of Ameri-

can-grown Smyrna, figs during the summer of ently

expected.

LNDING <»f the united states in economic entomology.

The writer has referred in an earlier portion of this paper to the

fact that as late probably as L878 this country was behind certain

European countries in its accomplishments in the field of economic
entomology, but owing t'> the crying needs of a rapidly growing pop-

ulation of practical people and to the consequent encouragement

given by legislatures in making appropriations, a-- well as by the

energy, ability, and adaptability of the individual workers, many of

them men of high standing in the held of pure science, the United
Staies has jumped to the front. English colonists, themselves con-

fronting many of the same problems which we have had to meet, were

among the earliest to recognize this fact, and agricultural papers of

the Australian colonies, of aland, of Cape Colony, and of

British India have for years been extensively quoting from American
writings. Othercountri followed their lead. CapeColony has

employed an American economic entomologist. Argentina senl for an
American entomologist to advise that Government in its work against

migratory locusts. The British West Indies are al the presenl time

in search of the prop r man to go from the States to help them in their

work along these lines. In the French authority, Dr. Paul
Marchal, writing on the : of applied entomology in Europe,

began his paper with the words (freely translated):

There exists nowhere an organization dealing with applied entomology capable

of rivaling that of the United States. The extraordinary development which this

service has taken in America is well known. * * * The progress realized in

these later years under the influence of this organization has been of the highest

kind. In particular that which concerns the application of insecticides on a large

scale and biological observations of a high interest from the point of view of pure

science have been accumulated in their publications. * * * European nations

have commenced to follow the example which has been given to them on the other

side of the Atlantic. * * *

Recently, Miss Eleanor A. Ormerod, the well-known English writer

and investigator, referring to the work of American economic ento-

mologists, wrote: '"It really is impossible for me to say how highly I
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fully believe that their .serviceable scientific and applied information

is benefiting the world as well as their own country."

All this is encouraging, and it appears to the writer, who, however,

is perfectly willing to confess that he may be prejudiced, well deserved;

yet the rapid strides which other countries are taking will necessitate

the most strenuous endeavors on the part of American workers if this

temporary supremacy is to be maintained. This, of course, should

not be an especial aim of economic investigators in this country, but

is perhaps worth the mention. We shall aim to secure the best results

possible, and it should be our hope that others in other countries

may do as well. The extremely rapidly growing public interest in

investigations in this line during the past few years, as well as the

excellent results obtained by the workers, are fast placing this coun-

try in a position where agriculturists may work to the best advantage
in their warfare against injurious insects.



AGRICULTURAL EDUCATION IN THE UNITED STATES.

By A. C. True, Ph. D.,

I>ir<c/<>r of thr Office of Experiment station*.

INTRODUCTION.

In previous articles in the Yearbooks for L894, L897, and isms the

origin and development of the system of agricultural education in Hie

United Si airs have been discussed, and special features of that system

have been described in more or less detail. The main purpose of the

hi arl icle is to presenl a general view of the different agencies for

education in agriculture in this country as they exist at the close of

the nineteenth century, and to indicate the directions in which the

movement for the diffusion of knowledge on agricultural subjects

among our people is tending. In order that the reader may have a

proper understanding of the real significance of the presenl remark-

able activity in the sphere of agricultural education, it is necessary

that he should have in mind at least an outline of the history of this

movement, and be able to form Mime estimate of the progress which
has been made in defining and organizing the various branches of

agricultural education. In presenting such an outline as an introduc-

tion to the main theme of this article, advantage will be taken of a

recent n\ iew of the available literal are relat big to the history of agri-

cultural education in this country made under the direction of the

writer by Prof. Herman Babson, of The Massachusetts Agricultural

College, through which additional light has been thrown on the be-

ginnings of various important movements for the promotion of such

education.

The activity in agricultural education during the present century

will seem all the more impressive if it. is remembered that, after the

at ion of the efforts of Greek and Roman writers to encourage

agriculture by describing the processes of the art, centuries elapsed

before the educated men in Europe took interest enough in agricul-

ture bo write books about it. War was the chief occupation of gen-

tlemen, and the arts of peace were left to the ignorant and the lowly.

But these centuries nevertheless marked the steady progress of civili-

zation, and "soon after the beginning of the sixteenth century agri-

culture partook of the general improvement which followed the

invention of the art of printing, the revival of literature, and the

more settled authority of government, and, instead of the occasional

notices of historians, we can now refer to regular treatises, written by
157
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men who engaged eagerly in this * :;: * occupation." The first

English treatise on husbandry appeared in 1534, entitled "The book
of husbandry," and was written by Sir A. Fitzherbert, a judge of com-
mon pleas. The voyages of exploration in various hitherto unknown
quarters of the globe and the colonization of America brought new
agricultural plants and breeds of animals to Europe and caused the

spread of the old ones in the new countries. The natural sciences

were rapidly developed and investigations relating to agriculture

began. Something of the progressive spirit of the ago begun to stir

in even the dull frame of this oldest of industries, and by the close of

the eighteenth century the advance movement in agriculture had
taken the form of organized effort. Societies, like the Bath and West
of England Society and the Highland Society, were formed in Europe,

and a Government board of agriculture was organized by Great

Britain.

EARLY EFFORTS FOR THE IMPROVEMENT OF AGRICULTURE.

In this country the first agricultural efforts necessarilywere directed

toward clearing the land and growing the crops immediately needed
for the sustenance of the settlers and for export to the mother coun-

try, whence alone manufactured articles could be obtained. As is

common in new countries where vast tracts of land are open to free

occupation, many speculative attempts were made to grow crops bring-

ing high prices with a minimum of labor. Some of these attempts,

like that relating to the production of silk, proved utter failures,

while other crops, such as tobacco, were very profitable. Land was so

plentiful that in many regions the easiest and most profitable thing

to do when yields declined was to change to new fields and abandon
the old to weeds. There was little incentive to careful cultivation

and scarcely any motive for seeking new knowledge for the improve-

ment of agricultural practice; and to this can be added the general

absence of any educational system for the masses, together with the

deep-rooted prejudices ageiinst "book learning" as applied to any
industrial pursuit, especial^ agriculture. Wars, at first with the

Indians and then between the various European nationalities occupy-

ing the American continent, engaged much of the attention of the

most vigorous portion of the farming community, and these struggles

culminated in the united efforts of the colonies to free themselves

from Great Britain, which led to the protracted contest known as the

America]! Revolution.

Occasionally some pioneer of agricultural education arose, like

Jared Eliot, of Connecticut, who published in 17-17 a series of essays

on farming "full of valuable suggestions," but little heed was paid

to the advice of such men. The Revolution naturally left agriculture

in a most deplorable condition, so that- the attention of statesmen was
almost necessarily drawn to measures for its resuscitation. But far
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more important for tin* Itegettnig ©f a progressive movement in agri-

culture was the new feeling among- the people that this eonntry was to

In- forever the horn;' of themselves and their deseentla.nl s. They \

no longer advent nr. seeking wealth to be taken baek to

the mother country, hut citizens of a voting nation with vast possi-

bilities of material development. It was also evident that for a long

period agriculture would be the chief industry of the new Republic,

ami that the development of other industries, as well as success in

commerce, depended largely on wise utilization of the agricultural

resources of the country. Thewisesl heads took in the real situation

most quickly, and, following the fashion set across the sea, began a

propaganda for agricultural improvement. This was not due to any

demand of the people for information, but to a desire on the part of

the leaders of thought and action to awaken interest in what they

deemed a matter of vital importance to the welfare of the nation.

Ilenee. mos< of ili- early agricultural societies were begun in cities,

and their memb Tship was largely composed of men who had only a

secondary interesl in agriculture, though it must he remembered that

in those days there were comparatively few Americans in active busi-

ness, professional, or political life who did not have some direct deal-

ings with farm property.

ORGANIZATION OP A.G&ICULTUBAL SOGIETJ

The organization of agricultural societies, beginning early in L785

at Philadelphia, then the national capital, and taking in such men as

rge Washington^ Benjamin Franklin, and Timothy Pickering,

ily south and north along lie fringe of Atlantic coast

communities, then constituting the United States. At Charleston,

S. C, in 178o; 11 Howell, Mass. (now .Maine), in L737; New York
City, in L791; Boston, Mass., in 1792; Wallingford, Conn., in 1794;

Middlesex County, Mass., in 1794; Sturbridge, Mass.", in 1799, and

perhaps in a few other places; similar societies were formed prior to

the close of the eighteenth century. This movement continued., until

in lsu'.i we have the germ of a national organization in the society

formed in the District of Columbia, to which the seat of the National

Government had a few years befOre been permanently transferred.

BEGINNING OF PUBLICATIONS OX AGRICULTURE.

During this period various methods for diffusing agricultural infor-

mation were proposed or put in operation, very largely through the

efforts of these agricultural societies. Books on agricultural subjects

began to appear. Among these, mention ma}- be made of a volume of

over 300 pages, published at Worcester, Mass., in 1790, entitled "The
Kew- England Farmer, or G-eorgieal dictionary: Containing a eom-

pendius account of the ways and methods in which the most impor-

tant art of husbandry, in all its various branches, is or may be
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practiced to the greatest advantage in this country, by Samuel Deane,

A. M., Fellow of the American Academy of Arts and Sciences;" and

the "Rural Socrates, or an account of a celebrated philosophical

farmer, lately living in Switzerland and known by the name of

Kliyogg.—Hallowell (District of Maine). Printed by Peter Edes, and

sold by the booksellers in the principal towns of the United States.

A. D. 1800." The author of this book was Dr. Yaughan, a prominent

member of the Maine Agricultural Society, who, in 1803-1801, like-

wise published a series of agricultural papers and essays of much
value.

The more important societies soon began the publication of informa-

tion on agricultural subjects. As early as 1792, the Xew York society

published a small quarto volume of its transactions. In 1797 the

trustees of the Massachusetts society began the publication of pam-

phlets, or, as we now say, bulletins, on agricultural topics, which after-

wards were developed into a regularly issued journal. The same year

this society established "a regular library." having accumulated, "by
gift and purchase, a considerable number of works on agriculture."

ESTABLISHMENT OF FAIRS FOR EDUCATIONAL PURPOSES.

Four years later (1801) a communication was presented to the trus-

tees of the Massachusetts society which contained the germ of an

educational movement on behalf of agriculture, destined to have an

important influence on the improvement of the art in this country,

especially down to the opening of the civil war. This was the sug-

gestion that fairs should be held in May and October in Cambridge

common and "small bounties given for certain articles." Nothing

was immediately done to carry out this plan; but in 1801, Dr. Thorn-

ton, the first United States Commissioner of Patents, proposed that

fairs should be held in the city of Washington on market days, after

the English fashion. This idea was eagerly taken up by the citizens

ami municipal authorities, and the first fair was held in October of

that year. It was such a decided success that two others were held

in succeeding years, after which, however, they were discontinued.

A great impetus seems to have been given to this movement b}7 the

enthusiastic labors of Eikanah Watson, of Massachusetts, who, begin-

ning with an exhibition of two merino sheep on the public square at

Pittsfield in 1807, soon developed the more elaborate and picturesque

"cattle shows," which for many years were the popular rural festivals,

especially in New England. Much interest also attaches to the

"sheep shearings," the most famous of which was annually held for

a dozen years, beginning with 1808, by George Washington Parke

Custis, at "Arlington," his estate near Washington, on the Virginia

bank of the Potomac. This was attended by throngs of prominent

men, and had much social as well as agricultural importance. The
interest in the movement for the promotion of agriculture awakened
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at the national capital is further shown by the organization in 1809 of

the Columbian Agricultural Society, which was the foundation of

the national organization finally formed in L852. From 1809 to 1812,

inclusive, this society held six fairs, at which cattle, woolen goods, cot-

ton cloth, fancy work, clothing, bed linen, sewing thread, carpeting,

nigs, dyes, etc., were exhibited.

THE BEGINNING OF AGRICULTURAL EDUCATION.

Washington's deep interest in measures for the advancement of

agriculture is evidenced not only by his letters but by his message to

Congress in 1796, in which he earnestly pleads for the establishment

of a national board of agriculture. Congress, however, took no deci-

sive action on this proposition.

Meanwhile definite efforts had been made to secure for agriculture

a place in the school system of the country. From the Transactions

of the New York Agricultural Society we learn "thai the legislature by
an act passed April 11, 1792, had granted the sum of L.750 (£1,500)

for five years to the trustees of Columbia College for the purpose of

endowing additional professorships, and that the trustees had insti-

tuted, among others, a p rship for natural history, chemistry,

and agriculture, * * * and that lectures had been given upon
the differenl parts of the course." Samuel L. Mitchill, M. D., LL. I).,

an active member of the society, was elected to this professorship,

probably on the recommendation of Dr. Samuel Bard, another mem-
ber, who chanced to be a trustee of Columbia College. How far agri-

culture was directly taught by Dr. ."Mitchill we do not know, but we
have his assurance that in the course in botany which he gave "the

physiology of plants, including their food, nourishment, growth, res-

piration, perspiration, germination, etc., is therefore particularly

enlarged upon as connected with gardening and farming." He also

wrote essays on the chemistry* of manures.

In 1794 the Philadelphia society received the report of a committee

in which the claims of education in agriculture through the establish-

ment of professorships in the colleges, as well as the Teaching of agri-

culture in the common schools, are urged upon the attention of the

State legislat Lire.

In 1801 the Massachusetts society subscribed $500 for the establish-

ment of a professorship of natural history in Harvard College, and a
committee was appointed to obtain subscriptions for the permanent
endowment of this professorship and "for the support of a botanic

garden. This resulted in the election of William D. Peck, in 1801:, to

till the new chair, and in the later establishment of the botanic garden.
" Just as the country was well started toward helpful discussions

and improvements along agricultural lines.*' says Professor Babson,

"the second Avar with England placed many hindrances in the

way of further progress in this direction, and these hindrances were
1 a 99 11



162 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

subsequently strengthened by the rapid growth of manufacturing facil-

ities and wealth-seeking- industries. The tendencies of the times were
citywards, and the era of good feeling naturally became an era unfa-

vorable for great agricultural advancement. Nevertheless, the farmers

and their friends, clearly understanding the unsatisfactory state of

affairs, did what they could in spite of the indifference of the general

public regarding their efforts." The formation of agricultural socle"

ties was continued and their number rapidly increased. In South

Carolina, for example, eleven societies were in existence by 1823. The
movement for the establishment of a national board of agriculture

was renewed in 1817 by the Berkshire Agricultural Society of Mas-
sachusetts, which presented a memorial to Congress on this subject.

The bill which resulted from this effort was, however, defeated in

the House of Representatives. The following year (1818) saw the

establishment of the New York Horticultural Society, the first organ-

ization of its kind in the United States. The American Farmer, the

first distinctively agricultural periodical in this country, was started

in Baltimore in 1819, and was very shortly followed by The Plough
Boy, published by "Henry Homespun, jr.," at Albany, N. Y. The
first agricultural paper in New England was issued in 1822.

Books on agriculture began to come more frequently from the press;

among the most characteristic of these were" The Farmer's Assistant,

by John Nicholson, esq., published at Albany, N. Y., in 1811 [a sec-

ond large edition in 1820], embracing every article relating to agri-

culture, arranged in alphabetical order;" '

' Nuga3 Georgicra " (Agricul-

tural Trifles), by the Hon. William Johnson, senior vice-president of

the Literary and Philosophical Society of Charleston, S. C, published

in 1815, which is an "endeavor to sketch the outlines of a picture of

the cares and amusements, the duties and employments, of the Caro-

lina farmer;" "Arator," by John Taylor, an eminent statesman and
agriculturist, published at Petersburg, Va., in 1818, and considered

the forerunner of the American Farmer, which seems to have had a

great influence on Virginia agriculture; "The Farmers' Library," by
Leonard E. Lathrop, published at Rochester, N. Y., 1S2G-1828, "to

explain some of the fundamental principles which relate to agricultural

science."

Gradually there came into being a desire for more exact and fresh

information regarding agricultural conditions and needs, as is evi-

denced b}^ the action of the State of Massachusetts in 1837 in author-

izing an agricultural survey of the State to "collect accurate informa-

tion of the State and condition of its agriculture and every subject

connected with it, point out the means of improvement, and make a

detailed report thereof, with as much exactness as circumstances will

admit."

Along with these general measures for the instruction of the farmer

there went a series of efforts to develop agencies for direct school
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in the science and practice of agriculture. In 1819 Simeon
De Witt, surveyor-general of New York, published a pamphlet at

Albany urging the foundation under State authority of " The Agri-

cultural College of the State of New York," not so much ' ;

to give

instruction to farmers as to make farmers from the other classes of

society, which are stocked with such a superfluity of members that

hordes of them must otherwise remain useless or worse than useless

to the community." Two years later (1821) Robert Hallowed Gardiner,

of Maine, obtained an annual grant of $1,000 from the State legisla-

ture to aid in maintaining an institution which was to give mechanics
and farmers "such a scientific education as would enable them to

become skilled in their professions." This institution was incorpo-

rated as the "Gardiner Lyceum;" a stone building was erected for its

use, and students were firsl received January 1, 1823. Rev. Benja-

min Hale, a former tutor in Bowdbin College and later (1827-1835)

professor of chemistry in Dartmouth College, was the first president.

The course of study at lie' Lyceum was arranged for two years, and
there were t wenty si udents tie- firsl year. The courses may generally

be described as a chemical and a mechanical one. There was a per-

manent professor of agriculture, a practical farm, and s] short

winter courses. Tie' school kepi up for many years, its uuml
reaching at one time as high as fifty-three. Ii had a good library and
collections. About the same time (1822) the agricultural society of

Albemarle, Va., made an earnest but unsuccessful effort to raise funds
for the establishment of a professorship of agriculture in the Univer-

sity of Virginia. Prominent in this movement was James Madison,
then president of the society, and the following extract from the let-

ter written over his signature to the other agricultural societies of the

State is interesting as showing the interest manifested in chemistry
as an aid to agriculture:

This science is every day penetrating some of the hidden laws of nature and
tracing the useful purposes to which tiny may be made subservient. Agricul-

ture is a field on which it has already begun to shed its rays, and on which it

promises to do much toward unveiling the processes of nature to which the prin-

ciples of agriculture are related. The professional lectures on chemistry, which
are to embrace those principles, could not fail to be auxiliary to a professorship

having lesions on agriculture for its essential charge.

In 1825 a plan for an agricultural college was submitted to the leg-

islature of Massachusetts and discussed there and in the Xew Eng-

land Farmer and other papers for some time. It was to be much
like other colleges of the time, with the addition of courses in agri-

culture and mechanic arts, provided with a farm and shops. No
immediate results followed this agitation. An agricultural school

established at Derby, Conn., in 182(3, proved immediately successful,

and was obliged to increase its accommodations for students. An-
other phase of this movement is seen in the "manual-labor" schools
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organized in a number of places in New York between 1825 and 1840.

They were founded for the purpose of enabling- needy students to

secure an education by devoting a part of their time to actual labor

in the fields or shops, which should also constitute a part of their edu-

cation. Though somewhat en thusiastically undertaken, this plan soon

proved a total failure. The same idea has, however, been revived

from time to time by those who are not aware of the teachings of

experience in this direction.

Agitation on behalf of agricultural education grew more active, and

between 1845 and 1850 a number of agricultural schools were estab-

lished by private enterprise in New York and Connecticut, some of

which met with considerable success for quite a period. In 1846 John

P. Norton was appointed professor of agricultural chemistry and

vegetable and animal physiology at Yale College, and the demand for

teachers of agricultural chemistry had grown to be sufficient by 1848

to warrant the establishment of a course for their preparation at the

same institution. In 1853 the New York legislature passed acts

establishing a State agricultural college and an industrial school, to

be known as "The People's College." These institutions, however,

did not become firmly established. Agricultural colleges which have

grown to be permanent and strong institutions were opened for students

in Michigan in 1857 and in Pennsylvania and Maryland in 1859.

State agricultural colleges were incorporated in Iowa and Minnesota

in 1858, and professorships of agriculture were established about this

time in several literary colleges.

During the twenty years preceding 1860 the movement for the

advancement of agriculture was greatly broadened and strengthened

by organizations representing the different States. By the end of this

period State agricultural or horticultural societies had been formed in

Massachusetts, Connecticut, New York, Pennsylvania, Georgia, Ohio,

Illinois, Michigan, Wisconsin, and Indiana, and State boards of agri-

culture in Indiana, Massachusetts, and Maine.

ORGANIZATION OF A NATIONAL AGRICULTURAL SOCIETY.

In 1841 an attempt was made to organize a national agricultural

society at Washington and to secure the fund left by Hugh Smithson

for the maintenance of such an organization, but this resulted in fail-

ure, owing to the decision to use this fund for the establishment of

the Smithsonian Institution. But eleven years later (1852), at a con-

vention called by twelve State agricultural associations, the United

States Agricultural Society was organized. Professor Babson thus

writes of the work of this society:

The annual meetings practically accomplished the results which would have

been obtained by a national board of agriculture, as suggested by General Wash-
ington and subsequently by the Berkshire Society in Massachusetts. The meet-

ings were prolific of important reports, investigations, and, best of all, discussions.

Association and communication of thoughts and interests were the secrets of its
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great workj and up to the beginning of the civil war it was essentially the center

of the agricultural interests of the country. At each of its meetings it urged the

establishment of a Department of Agriculture, until finally the result was attained,

it published a record of its transactions and also a periodical with "reports of

the annual meetings, exhibitions, and operations of the society, with a general

statement of the position of agricultural affairs at the metropolis and reports of

the operations of state boards and societies and agricultural colleges and of all

legi ilative re :ognition of the predominant interests of the country.

ORIGIN OF THE UNITED STATES DEPARTMENT OF AGRICULTURE.

Congress first took an active interest in the promotion of agricul-

ture in 1839, when, on the recommendation of Hon. Henry L. Ells-

worth, Commissioner of Patents, an appropriation of $1,000 was made
the "collection of agricultural statistics, investigation for promot-

ing agricultural and rural economy, and the procurement of cuttings

and seeds for gratuitous distribution among the farmers." This work
was gradually developed; investigations in entomology, chemistry, and

botany were provided for by L855, and the way was thus opened for

the establishment of the United States Department of Agriculture in

1862. i cient to call attention here to the fact that the Depart-

ment has taken an active part in movements for the technical educa-

tion of farmers, and has directly disseminated a very large amount of

useful information on agricultural subjects, much of which lias been

obtained through its own investigations and scientific researches. 1

DEVELOPMENT OF S< LENTIFIC AND TECHNICAL EDUCATION.

Iii ih<" foregoing brief outline <>f the main facts attending the de-

velopment of the movement for the dissemination of agricultural

information and the organization of institutions for agricultural edu-

cation in this country during the first half of the nineteenth century,

it has been shown thai there was a gradual broadening and deepening

of the public demand for national and State action in this direction.

This movement on behalf of agriculture was, however, only one

phase of a general intellectual and industrial advance, which widely

affected public sentiment in the United states, as well as in the rest

of the civilized world. The physical sciences, especially chemis-

try and geology, were developed with remarkable rapidity during this

period and were revolutionizing some of the arts and producing

great changes in agriculture. The development of steam transporta-

tion, the invention of the telegraph, the multiplication of machinery,

the discovery of gold in California, the emigration of European peo-

ple to this country, and the rapid spread of population west of the Alle-

ghenies, all these things, scientific, industrial, and political, had
brought about a general recognition of the fact that the old order of

1 The work of the Department of Agriculture is fairly presented in the various

papers in this Yearbook, each one of which discusses some phase of scientific or

economic investigation in relation to agriculture in which the Department has

taken part.—Ed.
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things was passing away and awakened a great desire for new informa-

tion and new training. The sciences found their way into the curricula

of academies and colleges, slowly at first, "bat with accelerated rapidity

as the years passed and competent teachers increased in number.

The friends of the old classical education were, however, powerful

enough to make progress in this direction altogether too slow to satisfy

those who had enthusiastically adopted new views of education, and
prevented anything like a symmetrical reorganization of courses of

study so as to fully recognize the claims of the natural sciences to ho

a component part of the system of higher education. Moreover, insti-

tutions founded on literary and philosophical lines were not able to

bring themselves at that period to favor the introduction of courses

of instruction "based on the needs of the students desiring to perfect

themselves in the technical principles and practice of the arts and
industries. Thus arose a demand for a new class of institutions

which should be entirely devoted to scientific and technical education.

Some efforts were made to supply this demand by private enter-

prise, but the people, who "by this time had become accustomed to the

support of public schools for elementary education, quickly saw the

advantage which would flow from the organization and maintenance
of these new institutions under State or national patronage, and read-

ily seconded the efforts of their leaders to secure recognition for the

movement in State legislatures and in Congress. In their enthusiasm

for the direct application of science to the arts, the people and edu-

cators alike oftentimes attempted to found agricultural and other

technical schools on too narrow a basis, making them manual-labor
or trade schools in which the fundamental principles of sound peda-

gogy were almost entirely neglected. There were, therefore, many
failures and much confusion of thought as to the best curricula for

scientific and technical schools. It was, in fact, too early in the his-

tory of the "new education" to expect clear definition of aim and
purpose or the perfection of details of instruction. There must neces-

sarily be many experiments and numerous failures before a system of

technical education suited to the complex needs of modern indus-

tries and the American continent and people could be even fairly well

formulated.
THE MORRILL ACT OF 18G2.

It was fortunate that at this juncture the national leader who
sought to crystallize the growing demand of the people for tech-

nical education into an act of Congress, endowing colleges for this

purpose in every State of the Union, was a man of broad views and
large practical sense, willing to draw his measure on comprehensive
lines and leave future experience to work out successful results,

even through many tribulations and great risk of fatal bungling.

This man was Justin L. Morrill, of Vermont, who, having by his own
efforts risen to success in mercantile and agricultural pursuits in the



AGRICULTURAL EDUCATION. 167

midst of a hard-working but intelligent and progressive community,
had come to Congress in the prime of life with an open mind toward

every measure whichpromised to widen the opport unities and increase

the welfare of the masses and had in it the promise of attaining prac-

tical results by businesslike methods.

On December 14, 1857, Mr. Morrill introduced into the House of

Representatives a bill '"donating public lands to the several States

and Territories which may provide colleges for the benefit of agricul-

ture and mechanic arts," and granting 2,000 acres of land for each

Member of Congress for this purpose. The bill was referred to the

Committee on Public hands, who brought in an adverse report April

15, ! 858. Nevertheless, in the next session of Congress the bill passed
both Houses, but was vetoed by President Buchanan. In spite of this

defeat and the legislative disturbances caused by the opening of the

great civil war, Mr. Morrill persisted in his efforts lo secure national

aid for industrial education, and on December 16, 1861, introduced an
amend) d Oil!. A similar measure was introduced in the Senate May
2, 1862, by Benjamin Wade, of Ohio. On May 28 the bill was reported

adversely in the House by the Committee on Public Lands, but was
pa sed by the Senate June lo, and nine days later by the lie

President Lincoln approved the bill July 2, 1862.

The provisions of the Morrill Act.

As finally passed the Morrill Act of 1862 was a comprehensive meas-
ure, providing for "the endowment, support, and maintenance of at

least one college [in each State] where the leading object shall be,

without excluding other scientific and classical studies, and including

military tactics, to teach such branches of learning as are related to

agriculture and the mechanic arts, in such manner as the legislatures

of the Stales may respectively prescribe, in order to promote the lib-

eral and practical education of the industrial classes in the several
pursuits and professions in life." For these purposes there was
granted to the several States 30,000 acres of public land for each Sen-
ator and Representative in Congress, the entire proceeds of the sale

of which must be so invested as to constitute a perpetual fund yield-

ing not less than 5 per cent interest, "the capital of which shall

remain forever undiminished (except so far as may be provided in

section 5 of this act) and the interest of which shall be inviolably

appropriated by each State which may take and claim the benefit of
ttiis act/' The exception to this requirement is "that a sum, not
exceeding 10 per cent upon the amount received by any State under
the provisions of this act, may be expended for the purchase of lands
for sites or experimental farms." "No portion of said fund, nor the
interest thereon, shall be applied, directly or indirectly, under any
pretense whatever, to the purchase, erection, preservation, or repair
of any building or buildings." The colleges were to be entirely under
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the control of the States, and in fact could not be established or main-

tained unless the States provided buildings. It is obvious, therefore,

that in this, as in other acts passed by Congress to aid the institu-

tions, the national funds were intended to be only partial endowments,

which were to be supplemented by the States in any way and to any

extent required by their growing necessities.

Land donated and number of institutions benefited under the Morrill Act.

The amount of land actually obtained under this act ranged from

24,000 acres for Alabama to 990,000 acres for Xew York. Unwise
management in many States caused the premature sales of the lands

at a period when large grants to railroads and the opening of vast

areas to settlers free of cost had made the college-land scrip almost

worthless. The general result was that many States received small

advantage from the land grant, the income of which in some cases was

not sufficient to properly maintain even a single department of a col-

lege. In a few Slates, like Xew York and Michigan, where the num-
ber of acres received was large and the sale of the land was skillfully

made, large funds were obtained and strong institutions were estab-

lished. The total fund received from this land amounts to over

$10,000,000, and 1,240,000 acres still remain to be sold.

Twenty-five years after the passage of the land-grant act of 18(52 the

United States Bureau of Education reported that forty-eight institu-

tions had shared in the benefits of the act.

In thirteen States the grant was niade over to universities or colleges already-

existing, and has served to establish or augment the funds of courses, departments,

or schools of applied science in the same. In the twenty-five remaining States the

fund has served as the chief source of endowment for new institutions, or as the

nucleus around which have collected additional fun.ls, in several cases far exceed-

ing the amount received from the national grant.

Early relations of institutions benefited by the Morrill Act to agricultural education.

In discussing the early relations to agricultural education of the

institutions which received the benefit of the Morrill Act, it is difficult

to make any general statements which will not be misleading. The
broad provisions of the act; the widely varying amounts of money
obtained from the sales of the land; the vagueness and incompleteness

of the system of scientific and technical education in all lines, and
especially in agriculture; the indifference of the farmers to agricul-

tural education and their demand for the training of their children

in other directions; the conservatism of the public and of educators

regarding changes iu long-established courses of study: the claims of

established institutions to share in the benefits of this act ; the no less

urgent claims of the promoters of new colleges; the local, political,

and denominational influences; the industrial conditions in this

country—these are some of the factors which contributed to produce
the greatest variety in the institutions organized under this act and

to vary in still larger measure the attention which they gave to
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education in agriculture. While it is true that the sciences had begun
to make their way into schools and colleges in this country prior to

1862, it is also the fact that for the most part the American colleges

were institutions maintaining a single classical course, which must be

rigidly followed b}~ all students desiring to graduate. Courses of

study in the sciences were yet to be developed, teachers in these

branches were to be trained, and the system of elective studies was
to be organized, while graduate courses of instruction and research

were hardly thought of. Technical and industrial education nee is-

sarily had to wait until instruction in the sciences, on which such

training must be based, had been put ou something like a sound basis

and had secured a reasonable supply of well-trained teachers and at

least fairly adequate buildings, apparatus, text-books, and other

equipment.

Even in the strongest institutions established under the Morrill Act

of 1862, for many years most of the State and national funds obtained

for their maintenance were wisely expended in building up sound
education in the natural sciences. In this way only could they lay

strong and deep foundations on which to rest a substantial super-

structure of technical education when the times were ripe for

erection. Speaking broadly, the chief function of the land-grant

institutions during the first quarter century of their existee.ee was to

aid in the establishment and perfecting of instruction in the natural

sciences throughout the country. In doing this they did a great work
for agriculi ure and the other indusl ries by giving U^h- I uition to thou-

sands of students drawn from the industrial classes, who have since

used their trained talents for the development of our industries by
utilizing scientific facts and principles for their advancement. Bui
more than this, these colleges at once begun, in greater or less degree,

the building up of technical courses in agriculture and the develop-

ment of agricultural research along scientific lines. If the farmers
had responded to the efforts of the colleges in this direction many
more of their children might have received direct, even if imperfect,

instruction in the theory and practice of agriculture, ami the move-
ment for the development of such instruction might have been greatly
accelerated. Amid many discouragements within and without, the
colleges for technical education in agriculture gradually made their

way, and the various lines of endeavor now hopefully expanding had
their foundations surely laid in the institutions established under the

Morrill Act of 1802. A new and peculiarly American principle had
been introduced into our educational system by this great act, which
is well set forth in the memorial address of President Buckham, of

the University of Vermont, on Senator Morrill before the Association
of American Agricultural Colleges and Experiment Stations at San
Francisco, July 6, 1899, in the following words

:

What Mr. Morrill meant, as his many speeches show, was that the liberal edu-
cation of the industrial classes should make their pursuits professions, and should
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liberalize tlie industries and arts of life. This is really the central and controlling

thought of the* whole scheme—to bring the light of learning and the aid of science

to bear upon those pursuits and callings which, hitherto regarded as illiberal and

wearing the badge of inferiority, would thus be lifted to the plane with the other

professions, and confer equal respectability upon their members.

DEVELOPMENT OF FARMERS' INSTITUTES.

Meetings which the general public and especially farmers were

invited to attend were held at a comparatively early day under the

auspices of the local or State agricultural societies. Out of these

meetings grew a more or less clearly defined institution for the

technical education of the adult farmer, now known as the farmers'

institute. While the character of the institutes is such as to make
it impracticable to assign any definite date as the time of differentia-

tion from other farmers' assemblies, yet the period following the

organization of the agricultural colleges under the Morrill Act of

1802 seems to have been the time when the farmers' institutes took a

distinct form, and under that name began to receive the patronage

of the States. Thus, in 1862 the Massachusetts State Board of Agri-

culture held a public meeting of four days' duration, and in 1806 the

Connecticut State Board of Agriculture held, its first farmers' con-

vention for lectures and discussion. In 1870 the newly organized

State Board of Agriculture of New Hampshire began a series of farm-

ers' meetings, and the following year Vermont followed this example.

The same year the Massachusetts board requested the twenty-nine

agricultural societies of the State to organize annual meetings, to be

denominated the "Fanners" Institutes of Massachusetts," and several

societies began at once to hold such meetings. About the same time

institutes were inaugurated in Kansas, and a little later in Michigan,

by the agricultural colleges of these Stales. Other States joined the

movement, and legislatures began to make appropriations to maintain

the institutes.

In 1885, when the board of regents of the University of Wis-

consin organized a course of institutes, a special officer, called the

superintendent of farmers' institutes, was appointed to plan and man-

age them, and this arrangement was afterwards confirmed by the

State. While the institutes are carried on under varied auspices in

the different sections of the country, the character of the meetings

themselves has been essentially the same wherever they have been

held. They are usually held during the winter months, but in some
cases at other seasons of the year, and as a rule continue from two to

four days. "The programmes are planned to promote the inter-

change of ideas, a full and free discussion being sought upon topics

introduced in an address or paper by some specialist." Officers of

agricultural colleges and experiment stations, and other experts,

together with successful farmers who have attained more than local

reputations, are usually selected as institute workers by the officers
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who have char--- of the system of institutes for the State, or they

may be chosen by the local authorities from lists prepared by the cen-

tral bureau. There is very often a local committee, which provides

local speakers, music, literary, and other general exercises, and

arranges for the place of meeting-

, refreshments, and advertising.

All persons in attendance, the humblest as well as the most prominent, are

urged to ask questions upon points suggested in the address and to present related

facts gained from personal experience. A " question box" is frequently made use

of, answers being given by the conductor of the institute or by some one specially

fitted to supply the information asked. For the evening sessions the usual plan

is to have a popular lecture upon some subject of general agricultural interest,

This address is made somewhat more elaborate and complete than those of the

day tessions and less opportunity is given for discussions.

SOCIATION OF AMERICAN AGRICULTURAL COLLEGES AND EXPERI-

MENT STATIONS.

The need of coming together for conference was definitely recognized

by the institutions organized under the Morrill Act of 1862 as early as

L883, when a convention of delegates from the agricultural colleges

met at Washington, I). C, for the special purpose of promoting the

establishment of experiment stations in connection with these col-

Leges. On July 8, 1885, a convention of agricultural colleges and

experiment stations (a number of which had by tins time been or.

ized by the Siaies as separate institutions) met at the Department of

Agriculture in Washington in response to a call is-uied by the then

Commissioner of Agriculture, Norman J. Colman, of Missouri, and on

October IS, 1887, at a second convention in tin' same city a perma-

nent organization was effected, under the name of " The Association

of American Agricultural Colleges and Experiment Stations." This

association was at lirst very largely interested in the establishment

and development of the agricultural experiment stations, but from

the outset gave considerable attention to the general interests of the

land-grant colleges, and from time to time has made this feature of

its work more prominent. The work of the association is, in fact,

much broader than its name would indicate. The institutions com-

prising it cover a very wide range of educational work, several of them
being great universities, numbering their students by the thousand

and their instructors and courses of study by the hundred. The
association has, however, always been active and earnest in its efforts

to promote agricultural education, and has been an influential factor

in aiding the advancement of such education throughout the country.

THE AGRICULTURAL EXPERIMENT STATIONS.

Even before the passage of the Morrill Act of 1SG2 the agricultural

schools and colleges established under private or State auspices began
experimental incpiiries on agricultural problems, and the institutions

which received the beneiits of that act took up the same work in a

larger way. In 1875 a regularly organized experiment station was
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established by the State of Connecticut. Other States followed this

example bjT establishing experiment stations either as separate insti-

tutions or in connection with the land-grant colleges. In 1887 Con-
gress nationalized this movement by the passage of the Hatch Act,

which provided for the establishment and maintenance of experiment
stations as departments of the land-grant colleges in all the States

and Territories. These institutions are in law and in fact integral

parts of the higher institutions for education in agriculture, repre-

senting essentially the university side of such education, being set

above the undergraduate departments of the colleges as organizations

devoted to original research. 1 They are the fountain heads of agri-

cultural knowledge, and the results of their work are more and more
to form the basis of all instruction in agricultural science from the

college down to the common school and out to the masses of workers
on our farms. Already they have surpassed all other agencies in the

dissemination of useful information among our farmers and have
collected a fund of new knowledge which has radically changed the

text-books and courses of instruction in agriculture in this country.

THE SECOND MORRILL ACT.

The establishment of the experiment stations greatly quickened
the interest in agricultural education throughout the country. The
demand for other forms of technical education had also grown apace.

It became evident that the land-grant institutions in many States

were unable to meet the calls made upon them to increase their facul-

ties and facilities for technical education. There was increasing lib-

erality on the part of the States toward these institutions, but the

State appropriations were in many cases very inadequate. At this

juncture Mr. Morrill came forward with a proposition to increase the

endowment of the land-grant colleges out of the national funds aris-

ing from the sale of public lands. His bill for this purpose passed

both Houses of Congress and was approved by President Harrison

August 30, 1800. This act provides for an annual appropriation, as

follows

:

To each State and Territory for the more complete endowment and maintenance
of colleges for the henefit of agriculture and the mechanic arts now established, or

which may be hereafter established, in accordance with an act of Congress
approved July second, eighteen hundred and sixty-two, the sum of fifteen thou-

sand dollars for the year ending June thirtieth, eighteen hundred and ninety, and
an annual increase of the amount of such appropriation thereafter for ten years

by an additional sum of one thousand dollars over the preceding year, and the

annual amount to be paid thereafter to each State and Territory shall be twenty-

five thousand dollars, to be applied only to instruction in agriculture, the mechanic
arts, the English language, and the various branches of mathematical, physical,

natural, and economic science, with special reference to their applications in the

industries of life, and to the facilities for such instruction.

1 The history of experiment stations is given in a separate article in this Year-

book.—Ed.
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Provision is made for separate institutions for white and colored

Students in States which may desire to make such an arrangement.

The Secretary of the Interior is charged with the administration of

the law, and is given authority to withhold the appropriation to any
State or Territory for cause, subject to an appeal to Congress.

DEVELOPMENT OF COLLEGES OF AGRICULTURE DURING THE CLOSING
DECADE OF THE CENTURY.

The second Morrill Act has been of great benefit to agricultural

education in this country. Many of the land-grant colleges which

formerly had done little for their agricultural courses, cither because

of their limited funds or through lack of interest in the subject, were

enabled to put them on a respectable footing, and were aroused to

renewed efforts to make them substantial and attractive. The State

legislatures were also more easily led to make liberal appropriations

for buildings and facilities for instruction in these institutions, now
that their value and importance had been recognized in such a not-

able manner by Congress. The friends of agricultural education

became more active in urging their claims upon faculties, boards of

management, and legislatures, and met with increasing success in

securing for agriculture a larger recognition in the college curriculum.

The establish! i lent of the experiment stations had attached to these col-

leges a much larger and stronger body of men whose prime interest

was on the side of agriculture, and the increased financial revenues

of the colleges made it possible to utilize the services of many more
instructors in agricultural subjects. The ten years which have
elapsed since the passage of the second Morrill Act have therefore

been marked by the development of agricultural education along a
number of new lines. They have been in great measure years of

preparation, the result of which will be realized in the coming century.

Many plans for advancement in agricultural education have been
proposed, and many tentative propositions for the improvement of the

working scheme for such education have been suggested. Here and
there new enterprises in this direction have been very successful;

and what is perhaps the most important thing, there has been a grow-

ing hopefulness that before long there will be such a system of educa-
tion in agriculture in this country as will not only supply a sufficient

number of well-trained leaders in agricultural progress, but will also

spread abroad among the masses of our rural population definite and
useful information regarding the principles and the best practice of

agriculture.

The rapid advance in the number and extent of scientific investi-

gations along agricultural lines has revealed to scientists, schoolmen,
and farmers alike something of the breadth and depth of the subject

of agriculture, whether considered as a science or as an art. This
has led to a recognition of the fact that no single scheme of technical
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education in agriculture will meet the needs of our times. Two gen-

eral results of vital importance have followed : First, the subject of

agriculture has been divided into an increasing number of specialties,

and each year more men have devoted themselves to the study and
teaching of some one branch of agriculture; and, second, instead of

being satisfied with maintaining one general curriculum in agricul-

ture, covering the usual period of four years, the colleges have more
and more endeavored to diversify the courses in agriculture and

adapt them to the needs of different classes of students. Agriculture,

considered as a subject of education, has felt the same influences which

in other subjects have produced such wide specialization and such

varied courses of instruction. The movement, as related to agricul-

ture, has not, however, proceeded so far as in the case of other sub-

jects, and the century will close without witnessing the thorough

organization of agricultural education in this country along permanent

lines.

In the older curriculum the teaching of agriculture was for the most

part divided between the agricultural chemist, who dealt especially

with matters relating to soils, fertilizers, and the principles of feeding

and dairying, and the so-called agriculturist, who usually was expected

to cover the round of farm practice. Instruction regarding the diseases

of animals was at an early day given a distinct place under the name
of veterinary science. The diseases of plants were turned over to the

botanist or horticulturist, and insect pests to the zoologist or ento-

mologist. In most institutions horticulture was clearly divided from

agriculture. The new movement for the division of the general sub-

ject of agriculture in the colleges of this country may perhaps be said

to have begun with the separation of dairying as a distinct branch of

instruction. This wras in large measure due to the revolution in the

methods of dairying, caused by the investigations of the experiment

stations, which led to the multiplication of creameries and cheese fac-

tories. The technology of dairying on both its scientific and practical

sides became a large and distinct subject in the minds of the farmers

and the college authorities. This made it easy to assign dairying a

separate place in the curriculum, and to provide one or more special

teachers for this branch of agriculture. The science of animal pro-

duction (zootechny) about this time assumed large proportions, and

as means increased it was found desirable to have at least one teacher

in the college faculty who should devote himself exclusively to this

subject. But this has already proved too large a burden for any one

man to carry to the complete satisfaction of his students, and a few of

our strongest colleges have subdivided this subject. More recently

studies in agricultural physics, especially as related to soils, have been

so far developed and s}Tstematizedthat special laboratories and teachers

for this branch of agriculture have been found very desirable wherever

the resources of the institution would permit. Hy the changes above
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indicated a place has been made for the more systematic organization

of instruct ion in plant production (agronomy) as a distinct college

department, and this has been done at a number of colleges. Thus far

rural engineering and rural economies, including the history of agri-

culture, have been incidental features of our college courses, and have

been assigned to teachers whose main work has been in other lines.

The specialization of work and the consequent increase in number
of instructors have made it possible to more efficiently organize vari-

ous forms of short and special courses in agricultural subjects. As
loag as the four years' course in agriculture was a simple and rigid

curriculum, the attempt to introduce a shorter course on the same
general plan, but more superficial and imperfect in detail, did not

prove generally successful. It was difficult for the outside public to

distinguish between the two courses, which led the long-course stu-

dents to think that their standing as college men was imperiled by
misunderstanding regarding their status as compared with that of the

short-course students. While the pedagogical character of the long

course wasasa rule nondescript, that of the short com 'ill more
so. So general was the dissatisfaction with these earlier shorl eon,-, s

thai at one time it seemed as if the colleges would wholly abandon
them; but dow they are being revived in new and much more satis-

factory forms. When the short course covers the general subject of

agriculture, a bett< r selection of topies is made and the student

receives from different specialists more definite information and a
more intense stimulus to pursue the subjects further on his own
account. Bui the greatest success has been attained with the short

courses whieh have included only a limited number of agricultural

topics and afforded more precise and extended practical instruction

along one or two lines. This has been particularly true of the short

courses in dairying, in which it lias been found practicable to unite

with the theoretic instruction sufficient practice to enable the student

taking such a course to become an efficient worker in the farm dairy

or the creamery ov cheese factory. The diversification of the four

years' course in agriculture, through the introduction of the elective

system, and the elevation of this course to a grade more nearly approxi-

mating other courses for which the bachelor's degree is given, have in

large measure done away with the student's opposition to the ob-

viously lower courses occupying a shorter time. The present tend-

ency is toward the organization of the shorter courses as schools dis-

tinct from the college departments, though belonging to the same
institution. These may be special schools, as in dairying, or general

agricultural schools of secondary grade.

THE IMPROVEMENT OF COLLEGE COURSES IN AGRICULTURE.

Courses in agriculture in our colleges have developed very largely

according to the views of individual teachers or the supposed or real
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necessities of the institutions, owing to their local environment; but

with the establishment of courses in the natural sciences on a sounder

pedagogical basis and the rapid enlargement of the courses for

instruction in the theory and practice of agriculture, there has been

increasing realization of the desirability of systematizing courses in

agriculture according to modern pedagogical methods.

Realizing this need, the Association of American Agricultural Col-

leges and Experiment Stations, at its convention in 1804, appointed a

committee on entrance requirements, courses of study, and degrees,

whose final report, presented two years later, was adopted. This

report recommended as a standard series of entrance requirements for

college courses the following subjects: (1) Physical geography; (2)

United States history; (3) arithmetic, including the metric system;

(4) algebra to quadratics; (5) English grammar and composition,

together with the English requirements of the New England Associa-

tion of Colleges and Preparatory Schools; (•>) ancient, general, or

English history. Recognizing the fact that a considerable number of

the land-grant colleges were not in a position to immediately insist on

these entrance requirements, the committee suggested that all should

unite in requiring the first five subjects as a minimum for admission

to their lowest collegiate class. For all four years' courses, leading to a

bachelor's degree, it was urged that the colleges should require the

following general studies: (1) Mathematics, at least through algebra,

geometry, and trigonometry; (2) physics and chemistry, with labora-

tory work in each; (3) English language and literature; (4) other

languages (one at least modern)
; (5) mental science and logic or moral

science; (<>) constitutional law; (7) social, political, or economic

science.

In 1805 the association appointed a standing committee on methods

of teaching agriculture, which has thus far presented four reports of

progress. Taking up the work where the committee on entrance

requirements left it, this committee first suggested that the following

subjects be added to the general subjects named above to complete

the four years' course in agriculture leading to the degree of bachelor

of science: (1) Agriculture; (2) horticulture and forestry; (3) vet-

erinary science, including anatomy; (4) agricultural chemistry; (5)

botany, including vegetable physiology and pathology; (6) zoology,

including entomolog3T

; (7) physiology; (8) geology; (9) meteorology;

and, (10) drawing. It then proceeded to divide the subject of agri-

culture as follows: (1) Agronomy, or plant production; (2) zootechny,

or animal industry; (3) agrotechny, or agricultural technology; (4)

rural engineering, or farm mechanics; and, (5) rural economics, or

farm management. It has since presented somewhat detailed outlines

of courses in agronomy and zootechny. It is belieA'ed that the work
of these committees is chiefly significant as indicative of an earnest

and widespread movement among the colleges of agriculture to
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systematize and improve the courses in agriculture. The committees-

have simplyendeavored to give form to a general desire for the elevation

of college courses in agriculture to the same level as other college

courses and the specialization of the instruction in agriculture as is

being done everywhere in regard to other subjects included in the

lern scheme of liberal education.

ORGANIZATION OF SECONDARY SCHOOLS OF AGRICULTURE.

The improvement of the college courses in agriculture has been
accompanied by efforts to provide courses which are distinctly of

secondary grade. It has become clear that the college courses will

meet the needs of only a comparatively small number of students

from the farms, and that a large part of the college graduates will find

their most suitable employment as investigators, teachers, journal-

ists, or workers in those industries more or less closely connected
with agriculture in which knowledge of the science as well as the

practice of agriculture is requisite. Instruction in agriculture of the

secondary grade has for some years been given in connect ion -with

the other industrial courses at the Hampton Institute, in Virginia,

and more recently at the Tuskegee Institute, in Alabama, ami some
other similar schools for colored students. In 1895 a secondary school

of agriculture was organized at the University of Minnesota, with a
course of study and faculty clearly differentiated from those of the
college of agriculture. This school has been largely attended and
luis proved quite successful. For the past two years girls as well as-

boys have been admitted to this school, and special provision has-

been made for their residence at the institution. A similar school

has recently been opened at the University of Nebraska. The State

of Alabama has for a i\-\v years past made provision for the mainte-
nance of schools of agriculture of secondary grade in each of the nhie

Congressional districts of the State. The Baron de Hirsch Agricul-

tural and Industrial School, at Woodbine, X. J., regularly opened for

students in 1804, provides general and agricultural education of the
secondary grade, combined with a large amount of practical farming
and horticulture, to a limited number of boys and girls. A similar

school for boys is the National Farm School at Doylestown, Pa..

opened for students in 1897.

EFFORTS TO INTRODUCE AGRICULTURE INTO THE COMMON SCHOOLS.

Throughout the century efforts have been made from time to time to

introduce instruction in agriculture into the common schools. These
efforts have uniformly failed, partly because too much was attempted,
and partly because the condition of the schools did not permit of

changes in their curriculum in this direction. Thus far our common
schools, especiall}* in the rural districts, have done very little toward
introducing even elementary lessons on natural objects, and much

1 A\l9 12
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less the systematic study of the elements of any natural science.

The organization of anything like a complete system of common schools

over vast areas of a new territory with a rapidly growing population

has been a gigantic task, and until recently there has been little

opportunity for the consideration of measures for the improvement of

courses of instruction in our rural schools. We have been justly

proud of the wide and free dissemination of elementary education in

this country, but we have hardly yet come to realize how much needs

to be done to put these schools on the most efficient basis. For some

years it has been apparent to close students of the rural schools that

the most practicable step toward the introduction of instruction which

would directly bear on agriculture was to secure some definite train-

ing of the pupil's powers of observation through exercises based on

natural objects. A very hopeful beginning of a movement in this

direction, which now promises to become widespread, was made in

1894 in connection with the College of Agriculture of Cornell Univer-

sity, under the leadership of Prof. L. H. Bailey.

By visiting the rural schools and giving sample lessons, the officers

in charge of this work ascertained the needs and requirements of

these schools as regards nature study and secured the interest and

cooperation of a considerable number of school officers and teachers

in a comparatively short time. To show the teachers more definitely

how nature study may be presented to their pupils, a series of leaflets

was begun, which were distributed throughout the State wherever

teachers showed an interest in the movement. The plan proved at

once successful, and means for its extension have been increased by

succeeding legislatures. A corps of instructors have been employed

in canvassing the State, and these have been aided by special teachers

from time to time as occasion requires. These instructors meet the

teachers of the schools in the presence of their pupils and at teachers'

meetings for the purpose of illustrating methods for teaching nature

studies. The leaflets serve as texts for the subjects taught. Very

naturally, many of these leaflets are on subjects directly relating to

agriculture, such as cultivated plants, fruits, weeds, and insects. It

has been impracticable, even if it were at all desirable, to confine

this movement to the rural schools, for the city teachers, who had in

many cases begun nature teaching in one form or another, have been

very eager to receive and utilize the leaflets and other special instruc-

tion on nature teaching emanating from Cornell University. It is

reported that 25,000 teachers in New York State alone have received

some instruction in this way, and the leaflets, being sold, are widely

disseminated in other Stales. Some of the other colleges of agricul-

ture, notably in Indiana, Missouri, Rhode Island, and Pennsylvania,

are taking up this work, and plans for the introduction or more

effective use of nature study in the common sehools are being made

in a number of States.
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DEVELOPMENT OF UNIVERSITY EXTENSION IN AGRICULTURE.

Other forms of university-extension work in agriculture are being
actively pushed by the agricultural colleges. Allusion has already

been made to the work of these institutions in connection with the

farmers' institutes. This work has been greatly developed since the

establishment of the experiment stations. In one sense the immense
amount of literature on agricultural subjects disseminated by the

experiment stations and this Department form the most important

and successful university-extension work thus far carried on in this

country.

FEATURES OF THE EXTENSION \\

An interesting feature of this movement was inaugurated in a defi-

nite way by the State College of Pennsylvania in 1802, under the title

"Chautauqua course of home reading in agriculture." The college

provided a list of books and offered examinations on the subjects read.

It was soon found desirable to help the readers over difficulties by cor-

respondence. When the lack of suitable books for such a course

became apparent, the college undertook to send out printed lessons

and questions on particular subjects treated in the books, which should
guide the readers to an intelligent use of the books, bring out their

important points, and extend and illustrate the information which
they contained. This plan proved highly successful, and the number
of subjects on which lessons were thus prepared was extended until

daring the past year five courses, each comprising seven subjects, or

books, were offered. On March 1, L899, there were 3,416 readers

enrolled, of whom 460 received systematic instruction by means of

the lessons. There were readers in most of the States and some in

ign count lies. This work of the college has outgrown the resources

which can be devoted to its maintenance, and of late no special effort

has been made to increase the enrollment. Farmers' reading courses
have since been undertaken in various forms by the agricultural col-

leges in Michigan. New Hampshire, Connecticut, West Virginia, South
Dakota, and New York.

In New York the reading courses form part of a more elaborate

scheme of university extension than exists elsewhere in this country,

one feature of which is the nature teaching already referred to. Here
the course began with horticulture, but has been extended to include

general agriculture. In its present form the Xew York plan is to send
the farmer short, specially prepared lessons, with questions on a few
topics, and to organize reading clubs; these clubs are visited by lec-

turers and inspectors, who give information and help to keep up the
organization and enthusiasm. Last year 8,600 readers were enrolled,

of whom over 8,000 were residents of Xew York. Another feature of

the New York university-extension work is the itinerant school, in

which special topics in horticulture or agriculture are taught for a
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few days by experts, thus imparting more definite and extended infor-

mation than is possible in the single lectures at farmers
1

institutes.

Cooperative experiments, in which farmers in different localities

have participated, have been made in Connecticut and other States

almost from the beginning of the experiment-station enterprise.

More attention is now being given to perfecting the plans and records

of these experiments, and it is quite generally recognized that they

are chiefly valuable as educational agencies. In New York this work

has been joined with the general plan for university extension, in

charge of the college of agriculture of Cornell University, and liberal

appropriations have made it possible to carry on hundreds of simple

experiments throughout the State.

Now that the educational world has become fairly awake to the

comprehensive mission of the teacher, it sees that the set institutions

of learning are not simply to do what they can for the youth who hap-

pen to come within their halls, but that they are rather to be the

centers of light and inspiration to all the community about them. It

is their business to go out and instruct men wherever the}7 can find

them, as well as to offer any proper inducement for pupils to come
into their class rooms, because there can be found what is suited to

their varied needs as regards both culture of body and mind and
training for the life's work. Standards of acquirement there must be,

and these have been made more thorough and exacting. Instruction

must conform to sound pedagogical principles, and more attention is

being devoted to studies of the mind of the pupil as related to his

acquisition of knowledge. To do his best work the teacher must have

aptitude and general and special training beyond what has hitherto

been thought necessaiy. But after all the school must take the pupil

where it can find him and do for him the best it can, considering

chiefly his status and environment. It is the recognition of this

fundamental principle, partial though the recognition has been thus

far, which is producing the most profound change in the work and
spirit of our institutions for education in agriculture, as it is also in

other educational institutions everywhere.

AMERICAN BOOKS ON THE SCIENCE AND PRACTICE OF AGRICULTURE.

For many years one of the serious hindrances to the success of

education in agriculture in the schools or among the farmers was the

lack of good books on agriculture setting forth the facts and principles

of agricultural science and practice as related to conditions of farm-

ing in the United States; but since the establishment of the experi-

ment stations, and especially within the past few years, there has

been a great increase in the number of books which are useful for the

education of our agricultural people along the lines of their art.

Much attention is being given to the preparation of books which may
serve as works of reference or as text-books in different grades of
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agricultural instruction. The publications of the stations and of the

Department in large measure supply the materials for these books,

and they are written from an American standpoint. There is already

a healthful competition in the production of books best adapted to

special purposes of agricultural education, and thus the way is being

prepared for the more general and satisfactory diffusion of such edu-

cation in the twentieth century.

DEVELOPMENT OF GENERAL AGENCIES FOR THE EDUCATION OF
FARMERS.

The second half of the nineteenth century has witnessed a great

awakening of the farmers of this country to their educational needs
and opportunities. This has led to the broadening of the work and
influence of general agencies for bheir education. The State and local

societies have been supplemented by great national organizations,

such as the Farmers' Alliance and the Patrons of Husbandry (granges),

which, besides doing a great deal for the promotion of their general

welfare, have done much to quicken the desire of multitudes of fanners

for definite education in matters relating to their art. That portion

of the newspaper press which is wholly or partially agricultural has

been more active and far-reaching than ever before in its efforts to

disseminate useful information among the rural masses. Statedepart-

ments and other agencies for aiding the farmer to acquire knowledge
along agricultural Lines have been greatly strengthened. The limits

of this article will forbid anything more than the mere mention of the

origin and usefulness of these general agencies for agricultural educa-

tion. In considering in any broad way the institutions for the farm-

ers' education which now exist in this country, great credit must be
given to those organizations which, though established for more gen-

eral purposes, have exerted their influence to arouse the farmer to

see the need of progress and enlightenment, and which have labored

earnestly for the establishment and maintenance of institutions defi-

nitely organized for technical education in agriculture. Without the

movement for the farmers' uplifting, begun and fostered by those

general agencies, the schools and colleges of agriculture could not

have reached their present promising condition.

THE AMERICAN SYSTEM FOR AGRICULTURAL EDUCATION IN THE
YEAR 1900.

Without taking into account the general educational agencies just

referred to, the American system for agricultural education as it exists

at the close of the nineteenth century comprises a number of impor-
tant branches whose functions may be more or less clearly differen-

tiated.



182 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

DEPARTMENTS OF ORIGINAL RESEARCH AND GRADUATE STUDY IN AGRICULTURE.

At the head of this system stand the Department of Agriculture

and the agricultural experiment stations now in operation in all

the States and Territories chiefly as departments of the land-grant

colleges. These constitute very largely the university, or graduate

branch of agricultural education in this country, having for their

chief functions the discovery and dissemination of new truths regard-

ing the theory and practice of agriculture. Organized primarily with

reference to research, both the Department and the stations to a con-

siderable extent directly promote agricultural education, in the tech-

nical sense, bjT giving instruction to students. This is done by open-

ing their laboratories to assistants who participate in research work

while continuing their studies, or by imparting new inspiration and

knowledge to students who become acquainted with the research work

by indirect contact through residence at the institutions where it is

being conducted. From time to time officers of the agricultural col-

leges and experiment stations come to work in the Department of

Agriculture for a period, to carry on special investigations or to enlarge

their knowledge of scientific facts and principles in special lines. In

accordance with an arrangement recentlj" made, a limited number of

graduates of the land-grant colleges are admitted to the Department

for advanced study and research. At the universities and colleges

having courses in agriculture there are now a considerable number of

persons pursuing graduate courses in agricultural subjects. This has

for the most part been made possible by the establishment of the

experiment stations as research departments of these institutions and

the consequent employment of experts in different lines of agricul-

tural science competent to give graduate instruction in their several

specialties.
COLLEGE COURSES IN AGRICULTURE.

Under the provisions of the acts of Congress of July 2, 1S62, and

August 30, 1890 (Morrill acts), sixty-four colleges are in operation in

the several States and Territories. Of these, about sixty institutions

maintain courses in agriculture. In fourteen States separate institu-

tions are maintained for white and colored students. These insti-

tutions are brought together to constitute a national system of higher

education in the sciences and industries through the Association of

American Agricultural Colleges and Experiment Stations, the Office

of Experiment Stations of the Department of Agriculture, and the

Bureau of Education of the Department of the Interior. The col-

leges of agriculture may be divided into three classes, according to

the general differences in their organization: (1) Colleges having

only courses in agriculture; (2) colleges having courses in agricul-

ture along with those in a variety of subjects, including especially

mechanic arts; and, (o) colleges (orschools or depart incuts) of agri-

culture forming a part of universities. The only institution in this
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country which is simply an agricultural college is the Massachusetts

Agricultural College.

Agricultural and mechanical colleges have been organized in Ala-

bama, Colorado, Connecticut, Delaware. Florida, Iowa, Kansas, Ken-

tucky, Maryland, Michigan, Mississippi, Montana, New Hampshire,

New Jersey, Xew Mexico, North Carolina, Xorth Dakota, Oklahoma,

jon, Pennsylvania, Rhode Island, South Carolina, Sooth Dakota,

Texas, Utah, Virginia, and Washington. Separate institutions of this

class for colored students are maintained under the Morrill Act of 1890

in Alabama, Delaware, Florida, Mississippi, Xorth Carolina, South

Carolina, and Virginia. The instruction in these institutions has,

however, very wisely been confined for the most part to courses below

the college grade. A similar institution, maintained by private funds,

is the well-known Tuskegee Industrial Institute, in Alabama.
Colleges of agriculture (or equivalent schools or departments) in

universities are maintained with the aid of national funds in Arizona,

tnsas, California, Georgia, Idaho, Illinois, Indiana, Louisiana,

Maine, Minnesota, Missouri, Nebraska, Nevada, Xew York, Ohio,

Tennessee, Vermont, West Virginia, Wisconsin, and Wyoming. In

Massachusetts, Harvard University has a school of agriculture known
as Bussey Institution.

The college course in agriculture in most of these institutions

extends through four years and leads to a bachelor's degree. The
course varies considerably in different institutions as regards

requirements, both for admission and for graduation. In some <\

students are admitted directly from tin 1 common schools, while in

others the entrance requirements are on a. level with those for admis-

sion to other college courses in high-grade college's. The course at

the Massachusetts Agricultural College may be taken as a type of a

relatively high-grade college course in agriculture as given in Ameri-
can colleges. Candidates for admission must be at least 10 years old,

and are required to pass examinations in English grammar, geogra-

phy, United States history, physiology, physical geography, arith-

metic, the metric system, algebra (through quadratics), geometry (two

books), and civil government. The student is required to follow a

definitely prescribed curriculum during three years, and in the fourth

and last year of the course he is allowed wide latitude of choice among
numerous specialties, English and military science being the only

required studies. In freshman year the following subjects are

included in the course: Agriculture, botany, chemistry, algebra,

geometry, bookkeeping, English, French, military tactics, and mechan-
ical drawing; in sophomore year, agriculture, horticulture, botany,

chemistry, anatomy and physiology, trigonometry, surveying, English,

and mechanical drawing; in junior year, agriculture, horticulture,

chemistry, zoology, entomology, physics, English (including rhetoric

and literature); in senior year, together with the required English
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and military science, at least three elective studies must be taken,

which may be selected from the following: Agriculture, botany, chem-
istry, entomology, veterinary science, civil engineering, analytical

geometry, calculus, English, German, Latin, political economy, his-

tory, and farm law.

In these colleges, as a rule, ample provision is made for the teach-

ing of the sciences related to agriculture. Horticulture, vegetable

pathology, economic entomology, and veterinary science are com-
monly taught along with agriculture, but by separate instructors.

An outline course in forestry is also often given. The subject of agri-

culture is not infrequently divided among two or more instructors.

Matters relating to soils, fertilizers, and the composition of plants,

dairy products, etc., are often taught under the head of agricultural

chemistry. Agricultural physics, especially as relating to soils, has

been recently made a separate department of instruction in a number
of colleges. The theory and practice of dairying, animal husbandly,

and plant production have, in some cases, each been assigned to dif-

ferent instructors. Here and there some branch of animal husbandry
(as sheep raising) has been deemed sufficiently important to require

a special teacher. In general, differentiation of subjects hitherto

grouped together under the general term " agriculture" is more and
more followed by the employment of specialists to teach in a limited

field. Much greater attention is being given than formerly to the

improvement of methods of teaching agricultural subjects. This is

evidenced by the employment of more thoroughly trained teachers,

by individual and associated efforts to define and arrange the topics

of instruction in accordance with pedagogical principles, by the gen-

eral adoption of the laboratory system as applied to the field, the

plant house, and the barn, as well as to the buildings constructed

with special reference to the peculiar needs of instruction in agricul-

tural subjects.

The collection and devising of apparatus and illustrative material

are being pushed with much enthusiasm and success. Wherever
means will permit, and in an increasing number of institutions, the

housing and equipment of the agricultural department will compare
favorably with that of other departments. Along with the improve-

ment of the college courses in agriculture has come the realization of

the true function of these courses. It is now well understood that

they are for the training of the leaders in agricultural progress and
not for the general education of the agricultural masses. For this

purpose they are to be made as thorough and complete internally and
externally as the manifold needs of American agriculture for well-

trained and intelligent leadership may require. Their success is to

be judged by the same standard that is applied to other college courses,

and the number of students is not of so much importance as their

quality. For the general education of the agricultural people, young
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and old, other agencies than the four years' college course are to be

employed, which will require for their management a large share of

the graduates of the agricultural colleges.

Owing to the complicated organization of many of the institutions

having courses in agriculture and the fact thatthe students in agricul-

tural courses in many subjects are in classes with students in other

courses, and that much of the equipment is used in common by the

students in all the courses, it is impracticable to show by statistics,

with exactness, the means and facilities for strictly agricultural edu-

cation. The general statistics of the land-grant institutions may,

however, serve to show with how great an enterprise, devoted chiefly

to higher education along scientific and industrial lines, agriculture

has been joined in permanent alliance, and to indicate in some meas-

ure how extensive are the educational facilities at the command of

the youth of the country who have sufficient intelligence, courage,

and perseverance to follow out long and thorough courses of study in

agriculture.

The aggregate value of the permanent funds and equipment of the

land-grant colleges and universities in 1898 is estimated to be as fol-

lows: Land-grant fundof L862, $10,170,549.99; other laud-grant funds,

$1,204,234.44; other permanent funds, $11,816,258.16; land grant

of 1802 still unsold, *3,838,219.4S; farms and grounds owned by
the institution-. $6,046,500.16; buildings, 115,185,476.95; apparatus,

$1,916,227.85; machinery, $1,383,137.14; libraries, 81,031,190.25; mis-

cellaneous equipment, 81,705,21:3.19—total, 853,032,852. 25. The
income of these institutions in 1898, exclusive of funds from the

United States for agricultural experiment stations (^720,000), was
as follows: Interest on land grant of 1862, $645,546.28; interest

on other funds. $578,067.38; United States appropriation under act

of 1890, 81,108,610.38; State appropriation (annual or regular),

$1,827,924.51; State appropriation (occasional), 8533,791.98; tui-

tion fees, $480,847.32; incidental fees, §116,158.72; miscellaneous,

$679,130.93—total, $6,008,379.20. The value of the additions to the

permanent endowment and equipment of these institutions in 1898 is

estimated as follows: Permanent endowment, 81,421,277.04; build-

ings, $851,481.75; library, 8105,001.11; apparatus, 8132,111.90; machin-
ery. $123,477.63; miscellaneous, 8107,330. 53—total, 82,796,350.97. The
number of persons in the faculties of the colleges of agriculture and
mechanic arts were as follows: For preparatory classes, 254; for colle-

giate and special classes, 1,564—total, 1,722. In the other depart-

ments the faculties aggregated 889, making a grand total of 2,611

persons in the faculties of the land-grant institutions. The students

in 1898 were as follows: (1) By classes: Preparatory, 0,593; freshmen,

6,016; sophomores, 4,202; juniors, 3,210; seniors, 2,506; special, 4,526;

postgraduate, 878—total, 31,058. (2) By courses: Agriculture, 4,181;

mechanical engineering, 2,797; civil engineering, 1,504; electrical
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engineering, 1,698; mining engineering, 554; architecture, 411; house-

hold economy, 1,298; veterinary science, 449; military tactics, 8,952.

The graduates in 1898 were 2,328, and since the organization of these

institutions 34,168. The average age of graduates in 1898 was 22.1

years. The total number of volumes in the libraries was 1,221,226.

SHORT AND SPECIAL COURSES EN AGRICULTURE.

In many of the colleges of agriculture provision has been made for

more elementary and practical education in agriculture by establish-

ing short courses. These inay continue through two college years or

be limited to a few weeks, chiefly in the winter months. Recently,

successful short courses have been given at a few colleges in the sum-

mer, when the regular college courses were suspended. The short

courses may either cover agriculture in general or be confined to some
special line, as dairying. Xow that the short courses are quite clearly

differentiated from the regular college courses in agriculture the objec-

tions formerly made to tnem are no longer strongly urged, and in popu-

larity and success they seem to have entered on a prosperous career.

The short courses offered by the University of Wisconsin may serve

to illustrate the nature of this feature of the American system for

agricultural education. " The short course in agriculture," it is stated,

"is designed to meet the wants of young farmers who desire practical,

helpful instruction in agriculture before taking up their chosen voca-

tion. This course covers two terms of twelve weeks each, beginning

the first of January each year." It includes lectures on feeds and
feeding, breeds of live stock, agricultural chemistry, agricultural

physics and meteorology, plant life, veterinary science, dairying, farm

bookkeeping, horticulture, agricultural economics, and bacteriology.

Laboratory practice is given in dairying, phj*sics, plant life, stock

judging, and horticulture, and practical work in carpentry and black-

smithing. The dairy course occupies one term, and includes theoret-

ical and practical instruction in the science and practice of dairying

and dairy farming. It is definitely planned to meet the needs of per-

sons intending "to operate creameries and cheese factories," and has

been very successful in training men competent for work of this kind.

The students engage in milk testing, operate separators and butter

extractors, and attend to the ripening of the cream, churning and

packing butter, and all the operations of a creamery and cheese

factory.

This dairy school has already sent out 800 trained butter and cheese

makers and has also taught nearly 2,000 young men butter making on

the farm, as distinct from the creamery. The short course in agri-

culture at tliis institution was reported in 1S99 to have had 190 stu-

dents in attendance, and its practical outcome is thus stated by the

dean: "We have found places on farms this year for more than iifty
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young men, who will secure from $2 to $10 more per month because of

their training with us."

Another interesting special school is that for training sugar experts,

which has been in successful operation for a number of years at Audu-
bon Park, New Orleans, in connection with the State university, and
has received financial assistance from the Sugar Planters' Association,

UNIVERSITY EXTENSION IX AGRICULTURE.

The term " university extension" has been used in recent years to

denominate in a general way the efforts of our colleges to promote the

diffusion of knowledge outside of their own halls. Though not always

spoken of under this head, no university extension movement in this

country has actually been so widespread as that on behalf of agricul

tare. Broadly speaking, this would properly include the dissemina-

tion of agricultural information through the publications of the

experimenl stations and this Department. The stations annually

le over 400 publications, which are distributed to mailing lists

ing half a million addresses, and tins Department supple-

n ith some 600 others, of which about 7,000,000 copies are

distributed. But confining ourselves to what would more usually be
considered university extension work, we find the colleges of agricul-

ture largely engaged in conducting farmers' institutes and home-
reading courses and helping to introduce nature study into the com-
mon schools.

IMPORTANCE or FARMERS' INSTITUTES AS FACTORS IX EDUCATION.

The farmers" institutes are sometimes under the direct management
of the agricultural colleges and sometimes are controlled by mde
pendent State officers, but in either case the colleges do much of the
actual teaching in them and in various ways contribute largely to

their bucc< — . These institutes are regularly held in over forty

States. It is estimated that about 2,000 institutes were held in the
United States last year, which were attended by half a million farmers,
The importance of the institutes as factors in the general education
of farmers in some of the States where they have been most success-

ful may be indicated by the following brief statistics:

In Wisconsin there are now annually held 120 institutes, with an
average attendance of over 50,000 persons. Sixty thousand copies of

their annual institute bulletin, in which the best addresses are grouped
. making a book of over 300 pages, are annually distributed.

A ( opy of this book is put into every school library in the State. For
this work the State appropriates 612,000 annually.

In Massachusetts 125 institutes are held, with an attendance of
about 11,000 farmers.

In West Virginia over CO institutes are held, with a total attend-
ance of 14,000.
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In Minnesota 50 farmers' institutes are held of two or three days

each, with an attendance of from 300 to 1,000, and 25,000 copies of

their annual report are distributed.

In Indiana an attendance is reported of over 25,000, with an aver-

age of 272 persons in about 100 institutes.

In Kansas 135 institutes are held, with a total attendance of 20,000.

In Michigan institutes are held in nearly eveiy county, and the

total attendance is reported to reach 120,000.

In Nebraska GO institutes are held, with a total attendance of over

26,000.

In Pennsylvania some 300 institutes are held, with a total attend-

ance of over 50,000.

In Ohio 250 institutes in 88 counties are held, with an aggregate

attendance of about 00,000.

In New York over 300 institutes are held in a single year.

In California about 80 institutes are annually held, with a total

attendance of 10,000.

HOME-READING COURSES IN AGRICULTURE.

The agricultural colleges in a number of States, notably in Penn-

sylvania and New York, are carrying on courses of home readings in

agricultural subjects. These at present are developing into what

may very properl}T be called correspondence courses. Not only are

lists of books furnished by the college, but series of lessons with

questions are sent out, and much correspondence is had with the per-

sons following the courses. College officers also visit classes or clubs

of farmers who are pursuing these courses to give them advice and

instruction along the lines in which they are reading. Thousands of

farmers are already enrolled in these courses, and only lack of funds

prevents their rapid extension.

SECONDARY COURSES IN AGRICULTURE.

Thus far comparatively little has been done in the United States

toward the establishment of schools of agriculture of secondary or

high-school grade. As previously stated, a successful school of this

grade is maintained at the University of Minnesota, and a similar one

has been begun at the University of Nebraska. The agricultural

courses maintained in a number of the institutions for colored stu-

dents in the South are of this grade. In Alabama provision has also

been made for secondary schools of agriculture for white students in

the nine Congressional districts. There are a few private schools

in which agricultural subjects are taught. There is some agitation

in favor of the introduction of agriculture in the public high schools,

but no definite movement in this direction lias as yet been attempted.

Meanwhile, however, books of reference and text-books on agricul-

tural subjects suited to this grade of schools are being published in
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increasing number, and the way is thus being prepared for more rapid

development of secondary courses of instruction in the schools in the

near future.

AGRICULTURE EN THE COMMON SCHOOLS.

While there has been much agitation at different times during the

present century in favor of introducing agriculture into the common
schools, thus far no widespread efforts to do so have been made.

Under present conditions, it appears to most persons who have made
a careful study of the subject that very little can suecessfully be done

in this direction until much preliminary work has been bestowed on

the formulation of courses in nature study suited to the needs of the

rural schools, on the training of teachers in this line, and on the gen-

eral introduction of nature teaching in the schools. The success

which is attending the movement on behalf of nature study in New
York, Indiana, Pennsylvania, and elsewhere is so pronounced that

there is good reason to hope that it will ere long secure the general

recognition of the value of nature study for young children and its

widespread introduction into the common schools. Important fea-

tures of this movement are the strong indorsement which it is receiv-

ing from school officers and teachers, and the fact that nature study

has already become quite generally a part of the curriculum in the

graded schools of the cities. As this movement in the interest of the

rural schools is being led by the agricultural colleges, agriculture

seems likely to have its claim fully recognized in the formulation of

nature-study courses. Already many of the lessons used in such

courses are on subjects directly related to agriculture. Wisely
planned and effectively taught, courses on natural objects and phe-

nomena in the common schools will not only train the powers of

observation of the children, but will interest them in the subjects

included in the theory and practice of agriculture, and thus pave the

way for the successful introduction of this complex subject in courses

of higher grade.

PRESE-NT CONDITIONS AND PROSPECTS FOR THE FUTURE.

In general, the century now closing has witnessed an intellectual

awakening of the farmers of this country, the volume and depth of

which have been increasing with greatly accelerated speed in the past

few years. We now have a considerable body of well-trained inves-

tigators, teachers, and other promoters of agricultural progress who
are working earnestly and with greater success each year to raise the

general intelligence of farmers and give them accurate and definite

information for the improvement of their art; we have the wide-

spread dissemination of knowledge on agricultural subjects through

the press and through public agencies liberally endowed by the States

and the nation ; we have strong local, State, and national organiza-

tions which are laboring diligently for the promotion of the general and
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technical education of the farmers. Strong- institutions for original

research and higher education in agriculture have already been built

up, and hopeful beginnings have been made in the formulation and

introduction of more elementary courses of instruction in agriculture

in schools of various grades and among the farmers generally. We
shall therefore enter the twentieth centurywith a reasonable expecta-

tion that the education of our farmers in agricultural lines will go on

increasing in efficiency and extent, and ere long become general and

satisfactory.



PROGRESS IN THE TREAT3IEXT OF PLANT DISEASES
IX THE UNITED STATES.

By B. T. Galloway,

Chief of Division of Vegetable Physiology and Pathology.

INTRODUCTION.

Iii looking back over the work of the past century in the treatment

of plant diseases, two facts immediately enlist attention: (1) That the

lasl fifteen years ha\ e ed by far I he greatest advances made, and

(2) that in every step taken there has been shown the characteristic

American spirit of striving to get direct practical results as quickly

as possible. For the first three-quarters of the century there was

practically no systematic attempt to obtain light on the diseases of

crops. Of course, di - - have been recognized as long as plants

have been grown, but in all tin il was the custom to

regard them more in the nature of obstacles, against which it was

practically useless i" contend, than as subjects for study and thought.

PRESENT CLASSIFICATION OF PLANT DISEASES.

A few words at this point in regard to present methods of classi-

fying plant diseases will perhaps make clearer the discussion to follow.

Briefly stated, diseases may be produced in three ways: (1) By living

organisms acting as parasites; (2) by unfavorable environment in

which the plant grows; and. (3) by combinationsinvolving both organ-

isms and environment. No line can be drawn between these groups,

for their relations and interrelations arc so intimate that sharp sepa-

ration at any point is out of the question. The living organisms, such

as fungi, bacteria, etc., produce diseases by attacking the higher

plants and destroying them in order to build up their own structures.

On the other hand, when the surroundings, such as unfavorable soil,

too much or too little food, improper cultivation, excess of water,

insufficient aeration of the soil, or other similar conditions occur, dis-

may follow without the action of such organisms as fungi or

bacteria.

It might, however, be held that the plant ought not to be subject to

disease produced by organisms, for if it were surrounded by condi-

tions exactly suited to its growth and was at all times able to adapt

itself to these conditions, growth would in a measure be perfect, con-

sequently no disease could be produced by outside agencies. But the

plant is always in a state of unstable equilibrium, and it is this fact

191
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that makes it subject to the attacks of organisms and likely to he
injured when any marked change of environment occurs. While this

appears to be an element of weakness, it nevertheless affords vast

opportunities, and is really the keynote to successful plant culture, as

the writer will endeavor to show farther on.

EARLY THEORIES OX PLANT DISEASES.

It is not surprising that the man who grows plants looks to the

weather as the source of all that is good or bad. In his own way he

learns by experience that the weather has an important relation to the

success or failure of his work, and he soon begins .to connect certain

weather conditions with what he sees going on about him. In all the

early literature, therefore, references are found to the effects of

"unfavorable weather," "meteorological disturbances," etc.

Other facts gained by long experience were also brought to bear on
peculiar phenomena connected with plant diseases and their treat-

ment. Thus, it was known, at the beginning of the century and earlier

that the injury from wheat rust was influenced by the presence of the

common barberry plant. So strong was this conviction that laws were

passed prohibiting the growing of barberry for ornament or for hedges.

The opinion prevailed that the barberry caused rust, but it was not

until many years later that its connection with rust was shown scien-

tifically by the investigations of De Rary in Germany. It was also

believed by many of the older agriculturists that smut was the

direct result of a rupture of the cells of the plant itself, and that the

rust of wheat was often produced by similar causes. Not only was
this the general belief among mamT agriculturists, but it was credited

by a number of workers abroad who made special studies of the subject.

About the year 1845, largely through the efforts of one or two inves-

tigators abroad, light began to dawn upon the nature of a number of

the common diseases of plants, and these efforts were destined to have
a marked influence on all future knowledge bearing on this subject.

Although there was as j
Tet no systematic attempt in this country to

make special investigations, the work done abroad was gradually

made known here, and through the agricultural press and other

sources, became more or less familiar to farmers and others interested.

The great prevalence of the potato-rot fungus about this time

(1845) gave a decided impetus to work on plant diseases. The rot

swept over the earth, and many attempts were made to discover its

cause and to provide a remedy. The relation of the parasite to the

disease was worked out in Germany, and this knowledge soon became
known to the farmers of this country. The same was true of wheat
rust, corn smut, etc., so that even in these early days there was some
knowledge of treating diseases by the direct- use of remedies or pre-

ventives. This is particularly true of the smuts, which were among
the first diseases to be controlled by the use of substances designed



PROGRESS IN TREATMENT OF PLANT DISEASES. 193

to destroy the reproductive bodies of the fungi themselves. Aside

from tins, t lie principal efforts in the way of treatment were in the

direction of giving the plants the best surroundings possible and
treating wounds by the use of simple paints, wax. etc.

Experience had taught that blight of the pear and apple must be

cut out, although believed to be due entirely to "atmospheric influ-

ences." This emphasizes the important fact that lias already been

referred to. that is, that although the growers of plants did not, as a

rule, concern themselves much with the causes of diseases, their expe-

rience had taught them certain methods of treatment which in some
cases are even to-day accepted as the best that can be followed.

THE BEGINNING OP MODERN RESEARCH.

From 1845 until 1861 there was considerable advance in knowledge
concerning plant diseases, particularly as regards their causes, or in

other words, the relation to them of certain parasitic organisms. This

knowledge came about Largely through the investigations of a few men
in Europe. From 1861 to L873 the accounts of investigators abroad were

published from time to time in our horticultural and agricultural

reports and in agricull ural and other journals. There was an increas-

ing interest in the Subject, however, and il is not surprising that in

1873 and 1-7 1 there was a marked tendency to advance in knowledge
along these lines.

Prof. T. .1. Burrill, of the University of Illinois, was one of the

pioneers in this field. Early in L874 he commenced publishing arti-

cles on the parasitism of fungi and the relation of various organisms

of this kind to such diseases as leaf blights, rusts, and ot her maladies.

The following year Dr. \Y. (i. Farlow, of Harvard University, began
a series of papers which were epoch making in their nature. These
papers dealt with a number of important diseases oi plants and treated

them in a masterly way. Although up to this time knowledge as to

combating such diseases was limited, the information obtained in

regard to the life histories of the organisms and the manner in which
they attack the host plants ami cause their death was of great value

in suggesting lines of action looking toward prevention. Farlow's

papers were followed by similar ones by Halsted, Bessey, Trelease,

Earle, Arthur, and others.

Early in the eighties the interest in the subject became marked, as

may be seen by the increased number of papers and the fact that

some of the universities and colleges were devoting time to lectures

and studies relating to the work. The State agricultural experiment
station at Geneva, X. Y., inaugurated some important work under
the direction of Dr. J. C. Arthur, who was made botanist of the sta-

tion in 1884, and whose work was almost entirely on the diseases of

plants. This was really the first systematic attempt on the part of

any station or organized body in the United States to undertake a
1 A 99 13



194 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

thorough study of the subject. Dr. Arthur published four reports,

which dealt with a great number of important diseases. He paid

particular attention to pear blight, which was recognized as one of the

most destructive diseases of fruit in the United States, and had
already been shown by Dr. Burrill to be due to bacteria. Dr. Arthur's

work tended to establish more thoroughly the parasitic nature of a

number of fungi. The keynote to the practical work of treatment

had not yet been struck, but was to come later as a natural result of

the studies made at this time.

THE EPOCH-MAKING PERIOD FROM 1885 TO 1895.

A careful study of events, such as are to be described here, shows
that in nearly eveiy case where a line of work stands out preeminently

as having a marked influence on the welfare of a country, two things

have conduced to this end: (1) Through writings, lectures, and other

channels the public has been educated so as to understand its need
in this direction, and (2) after the recognition of this need there has

been the proper direction of the forces necessary to satisfy it.

Prior to 1885 much had been done toward educating the farmers

and fruit growers to the necessity of protecting their crops. There

was a well-grounded belief that many of the common and destructive

diseases owed their existence to causes which could be discovered, and
which if once known might be controlled. The time, therefore, was
ripe for starting the work on a more extensive scale than had ever

been done before. The demand at this time was largely for informa-

tion as to the best methods of treatment from a practical standpoint.

It was not so much a question of knowing what the diseases were as

it was how to best get rid of them. Recognizing these questions and
their importance, the Department of Agriculture inaugurated some

work which was destined to have far-reaching effects. F. Lamson-
Scribner, who was assistant botanist at the time, was active in bringing

about a proper recognition of the importance of the work. He under-

took the publication of papers, which appeared first in the report of

the Botanist of the Departmeiit of Agriculture. Soon such an inter-

est was awakened that the Commissioner of Agriculture, Hon. Norman
J. Colman, took steps to have the work put on a sound basis. Small

appropriations were obtained, and the Section of Mycology was estab-

lished as a distinct branch in the Department. Fortunately, a great

impetus was given to the work at this time by the efforts being made
in France to find remedies for the downy mildew of the grape. When
black rot, another American disease, appeared in the French vine-

yards, there was widespread alarm, and consequently renewed efforts

to find means of checking it.

It is well to call attention to the marked difference in the conditions

existing in France and in this country with respect to such matters.

Our country is so great, and the possibilities of diversified culture so
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numerous, that many farmers and fruit growers do not feel the neces-

sity of putting fortli any marked effort in treating the diseases. In

Fiance, however, the life of the community itself depends in many
eases on the success or failure of a particular crop in that community,

and so it was that the greatest pressure was brought to bear on the

French Government to make a determined effort to cheek the ravages

of downy mildew.

Through a fortunate accident—the sprinkling of vines bordering a

roadside with bluestone and lime in order to prevent the pilfering of

the fruit—there was discovered about 1885 a fungicide which was to

have a marked influence not only on the welfare of France, but also

on the interests of America as well. This fungicide thus accidentally

discovered is the so-called Bordeaux mixture, which is made by com-

bining copper sulphate, or bluestone, with lime. It has long been

known that copper in various forms is able to destroy fungus spores,

but it was not until the discovery of the Bordeaux mixture that a great

impetus was given to the study of its effects on many plants. No one

.could have imagined the consequences which were to come from the

combined use of two such simple tilings. Not only was the fruit

saved from the thieves, but it was protected against mildew as well.

Soon after the success in France in the treatment of grape mildew

with Bordeaux mixture, its usefulness was noted in this country by
the Department of Agriculture and also by others. It was difficult,

however, to convince fruit growers of the importance of making

thorough trials of this and other preparations. This was one of the

greatest obstacles that the Department mel with in the early stages

of the work. However, circulars were sent out describing the prep-

aration of the fungicide and suggesting diseases that might be effect-

ively treated with it. The success of the work was marked. Imme-
diately there sprang u;> probably one of the most remarkable series

of investigations and experiments ever witnessed in this or in any

other country. Fungicides of many kinds were proposed and tested

on a large scale, and extensive lines of investigation were inaugurated

not onl\- by the Department of Agriculture, but also by private indi-

viduals in various parts of 1 he country.

In 1887 Professor Lamson-Scribner severed his connection with the

Department of Agriculture, accepting an appointment to the chair of

botany in the University of Tennessee, and the Department's work
in this line was put in charge of the writer. The investigations were

pushed forward as vigorously as possible; new lines of investigation

were inaugurated, and a special effort was made to bring about prac-

tical results. Black rot of the grape was successful^ treated in 1887,

and the same year decisive results were obtained in controlling sev-

eral potato diseases.

A great impetus was also given to the work in 1887 by the estab-

lishment of the agricultural experiment stations. By means of these
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stations it was made possible for many of the States to inaugurate
work not only in the study of plant diseases and their treatment, but
also in many other lines of investigation as well. Several of the sta-

tions immediately commenced investigations, and as a result for the

next eight years the educational work done throughout the country

had the most remarkable effect in putting farmers, fruit growers, and
others in possession of knowledge most valuable to them. During the

period under consideration a revolution was wrought in our horticul-

tural methods, and, as a result, it is now as rare to find people who
are not thoroughly convinced of the importance of spraying as it is to

find those who are satisfied that the cultivation of the soil is not

necessary.

This vast amount of work on the fungicides carried with it the

necessity of providing suitable apparatus for the application of the

various preparations, there being a great need for such apparatus
when the work was started. Just prior to the beginning of the impor-

tant line of work in 1885 attention had been called to the value of the

cyclone nozzle, an apparatus invented by Dr. W. S. Barnard while

connected with the United States Entomological Commission.
Although this nozzle was designed for the application of insecticides,

it was found that with some minor changes it would be equally as

valuable for use in connection with fungicides. There was also an
urgent need in 1887 for suitable power pumps for the application of

the various preparations. Some advances had been made with such
apparatus in France, particularly in the knapsack forms, but such of

these as were in actual use were more or less cumbersome, and none
could be obtained in this country. Early in 1887 the first American
knapsack pump was put on the market, largely through the efforts of

Col. A. W. Pearson, of Vineland, N. J., who was one of the pioneers

in the work of treatment. The machine was somewhat complicated,

however, and did not attract the attention that it really deserved.

In 1888 the writer devised a new form of knapsack spray pump, which
was soon put on the market, and this became the pattern from which
many designs have been made. In a few years such was the demand
for apparatus of this kind that numbers of machines were manufac-
tured. The knapsack forms of sprayers have had a marked influence

in the success of the work described. Through them it was made
possible to apply the remedies in the most thorough manner, a fea-

ture which is of the greatest importance in such work. As a direct

result of this work many other forms of sprayers were designed; in

fact, in this feature of the investigation the United Stales can well

claim to have constantly led the way.

SOME RESULTS OF THE WORK.

The ten years' work just described was unique in its way. There
was a united effort to concentrate on as many practical problems
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as possible, with a view of solving these iirst and attending to the

more difficult ones later. Immediate results were demanded, and by

obtaining them confidence was engendered; and thus the foundation

for future efforts was laid. Within the limits of such a paper as this,

it is not possible to review all the direct practical results of the work

in question, but a few examples will suffice.

GRAPE GROWING.

One of the most striking examples of results obtained is furnished

by the grape. Grape growing in this country has had a curious his-

tory. At the beginning of the century numerous attempts had been

made to introduce and grow the foreign or European varieties. It

was recognized that in this vast country abundant opportunities

offered for the production of grapes and the manufacture of wine.

Our native varieties were n<>t considered of value, and for this reason

all the early efforts were put forth in importing and testing the for-

eign, or Vinifera, vines. All the attempts in this direction, however,

proved disastrous, mainly on accounfof several diseases, which, from

all thai can be gathered, were the same as those known to-day as

downy mildew and black rot.

Alter many discouraging attempts to successfully cultivate these

European vines, the work was in a measure abandoned and attention

was turned toward oar native varieties, many forms of which were

found growing in the woods. Some of these vines proved to be

resistant to the diseases, no doubl because through a long struggle

for existence there had been a survival of the fittest, and these were

by nature endowed with the ability to resist the various maladies

which had been so destructive to European vines. The diseases

being American, the European vines had had no chance to develop

anything like natural resistance before being attacked.

The discovery of the value of some of our native kinds gave the grape

industry a new impetus, but as soon as vineyards began to increase and
cultivation brought about changes in the vines themselves it was found

that the latter were becoming more and more subject to the attacks

of their old enemies. Consequently there are recorded many disas-

trous failures in grape culture between 1850 and 1800, when mildew
and black rot were veritable scourges. In a number of places where

grape culture had been very profitable the vineyards had to be aban-

doned. New localities, in which the grape had not been tried, were now
planted to vineyards, and for a time these produced remunerative

yields, but it was only a question of time when the diseases reached

these places and it became necessary to abandon them and again

seek more favored localities.

l>y 1885 grape growing had been tried in most of the important si c-

tions of the country, and as the diseases continued to spread it was
realized that something would have to be done or else the industry
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would have to be abandoned. At this time the work of the Depart-
ment of Agriculture commenced, but so many efforts had already
been put forth to control the diseases and there had been so many
failures that it required a great deal of encouragement to induce
growers to even make thorough trials of the treatments proposed. By
carrying on experimental work in typical regions, however, and by
demonstrating by actual trials that the treatments were effective

(fig. 1), the value of the work was fairly established, and consequently
fungicidal treatments were rapidly adopted. The money value of this

Fig. 1.—Grapes from vineyard affected with black rot: Sprayed and nnsprayed.

work to the grape grower can not be estimated. It has given viti-

culture a new lease of life and has furnished profitable employment
in many regions which otherwise would have been abandoned, so far

as this crop is concerned.

NURSERY-STOCK DISEASES.

Prior to 1887 no attempt had been made to control the many serious

diseases which affect nursery stock in this country. The nursery
interests had assumed immense proportions and the value of the

output was worth millions of dollars. Nursery stock, such as apples,

pears, plums, cherries, etc., had long been subject to a number of

serious diseases, which mainly affected the foliage. Often as a result
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of these injuries ii was found impossible to properly bud the stock,

and a Large part of it was therefore rendered worthless.

In 1888 the Department of Agriculture inaugurated the first experi-

ment with a view of finding some means of holding these diseases in

check. After several years' work it was clearly shown that some of

the most destructive maladies could be controlled (iiv;. 2). Spraying

nursery stock, therefore, has come to be a general practice, and has

been the means of saving thousands of dollars to the growers every

year. The Department and the State stations have gone hand in

hand in this work, and some of the most striking features of the

practical side of the investigations have come about through the efforts
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Fig. 2.—Treatment of peach leaf curl: Sprayed and unsprayed trees. (Pierce, Cal.)

of the' latter. Potato scab, the smuts of cereals, and many other

diseases are now controlled as a result of the good work done by
these organizations.

DEVELOPMENT OF EDUCATIONAL FEATURES.

Perhaps there is no more striking instance of the growth of this

subject than that witnessed in the development of the educational

features connected with it. In 1885 there were only three institutions

besides the Department of Agriculture making an organized effort in

the way of teaching or in experimental work of this character. Ten
years later there were fifty colleges and stations engaged in the work,

and no less than one hundred special investigators were devoting

their time to it.

THE PRESENT AND THE FUTURE OF PLAXT PATHOLOGY.

Since 1896 there has been a marked tendency toward a higher

appreciation of a true science of plant pathology. The outlying prob-

lems have in a measure been solved and opportunity has been given
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to survey and take a clearer view of the fundamental questions upon
which the future success of the work must depend. We are far

enough along to see that a new epoch has begun—one which we
believe is to place this country in advance of all others in getting the

most from the soil with the least expenditure of time and money.
Our farmers and fruit growers are intelligent, quick to perceive, and
quick to act. They are now in x>ossession of knowledge which gives

them a decided advantage over their competitors in other countries,

and therefore it will not be difficult witli such men and such condi-

tions as we have to build up a science which will have a marked
influence on the welfare of the country.

What then are the lines along which this science is to be built?

First, we must recognize more plainly the possibilities within the

plant—4ts plasticity and its ability to change; second, we must learn

to look more carefully outside of the plant, that is, at its environ-

ment and the effects this may produce; and, third, we must discover

the principles whereby the grower of plants shall be able to bring

about such perfect harmony between the plaid and its environment

that an approximately ideal ox-ganism will result. This means that

our aim should always be toward making two blades of grass grow
where only one grew before.

The foundation of this work is physiology, involving a study of the

phenomena of life itself. Here we learn the possibilities of future

development, and here hinge the vital questions relating to nutrition

and heredity. The pathology of the future, therefore, will not stop

at the mere correction of conditions involving the loss of a crop or

part of a crop. It will put within the power of the intelligent growler

knowledge that will enable him to forestall injuries by furnishing

conditions best suited to the development of the plant. We must
bring to our aid many lines of work. Plant breeding will enable us

to attain ideal forms. Selection will make it possible to fix thes«

forms within certain limits. Nutrition goes hand in hand with

breeding and selection. Chemistry and physics play important parts,

and in the study of pathological phenomena themselves other branches

of science will be brought to bear. Thus, as we have pointed out

elsewhere, the highest aim of the investigator in this field will be not

to deal with effects only, but to study causes, for it is only by such

means that the greatest good can be accomplished.
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Introduction.

Tliis paper will be devoted, in so far as possible, to the progress of

agriculture in the United states during the nineteenth century. Inas-

much, however, as the factors of a chemical nature influencing agri-

culture are largely made up of forces emanating from other countries,

it will not be possible to separate entirely the discoveries made in

foreign countries from those made in the United States.

In order to keep the paper within suitable limits for the Yearbook,

no attempt will be made to trace the progress of agriculture in its

relation to chemistry from year to year, and the subject will be con-

sidered from three principal points of view only, namely:

(1) The relation of chemistry to agriculture at the beginning of the

century.

(2) The impetus given to scientific agriculture in its relation to

chemistry by the discoveries of Liebig, Gilbert, Boussingault, and

other workers, which began to produce effects about the middleof.the

cent ury.

(;>) A resume of the relations of chemistry to agriculture up to and

at the present time, with a brief reference to the principal methods

whereby chemical research has been made useful to practical agri-

culture.

The above is not only a convenient division of the whole subject for

the purpose of discussion, but it also portrays the three principal

epochs in the relations of chemistry to agriculture for the centuiy.

From a chemical point of view, the knowledge of scientific agricul-

ture, as it existed at the beginning of the century, was practically all

that was known until near its middle point, when the work and

researches of the distinguished men mentioned ami others associated

with them were beginning to have practical application. From this

point onward to the present time the influence of chemical research

on progressive agriculture lias been more and more felt through cer-

tain lines of investigation, until it has brought the science of agricul-

ture to its present condition.

In a statement of that part of the subject relating to chemistry and

agriculture at the beginning of the century it will be sufficient to

201
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refer to the standard works which were published at or about that

time, and which are still accessible in our libraries. The literature

of the middle of the century is so voluminous that onty a brief refer-

ence to it can be given. In a discussion of the third division of the

subject, or a review of the relations of chemistry to agriculture to the

present time, etc., the progress of agriculture under the influence of

chemical studies and researches will be considered in the briefest pos-

sible manner in several typical lines, among which may be mentioned:
First, the teaching of agriculture in schools, colleges, and universities;

second, the agricultural colleges and experiment stations; third, the
agricultural press; and, fourth, the chemical studies conducted under
the auspices of the Department of Agriculture, including those col-

lected in the reports of the Patent Office relating to agriculture, which
began to issue shortly before the middle of the century.

The attitude of chemical science toward agriculture at the begin-

ning of the century may be presented under three divisions:

(a) The knowledge which was possessed concerning the nature of

the soil and its relation to plant growth.

(b) The knowledge possessed concerning the nature of manures and
the manner in which they increase the yield of crops.

(c) The prevalent ideas concerning the composition of agricultural

crops in relation to their demands upon the soil and upon fertilizers.

Status of Agricultural Chemistry at the Beginning of the
Century.

Under this head will be given, first, a summary of the state of

knowledge at or about the beginning of the century in regard to the

above several points, and second, some brief observations of a general

nature on the soundness or unsoundness of the views then held.

Fortunately for the purpose of .this part of the paper, the relations

of chemistry to agriculture at the beginning of the century have been
accurately and faithfully portrayed in works appearing near that

period and still accessible. Among these may be mentioned:

A work of great scientific importance entitled "The Natural and
Chemical Elements of Agriculture," translated from the Latin of

Count Gustavus Adolphus Gyllenborg by John Mills, published in

London in 1770.

"The Spectacle of Nature," translated from the French by Mr. Hum-
phreys, the first edition of which was published about the beginning

of the century, and the second edition, to which the writer has had
access, about 1807.

The most important work, however, from a scientific point of view,

and that, which gives the most accurate statements pertaining to the

relation of chemistry to agriculture, is a compilation of the lectures of

Sir Humphry Davy. These lectures, delivered before the Royal Agri-

cultural Society of England, were first published in England in 1813



RELATION OF CHEMISTRY TO AGRICULTURE. 203

and republished in this country in 1815 by John Conrad & Co., of

Philadelphia, Pa.; Fielding Lucas, jr., of Baltimore, Md. ; Robert

Gray, of Alexandria, Va., and William F. Gray, of Fredericksburg, Va,

Another v.'ork of a more popular nature, and yet containing a resume

of the knowledge of that time concerning the relations of chemistry to

agriculture, is entitled "The Rural Socrates; or, An account of a cele-

brated philosophical farmer, lately living in Switzerland, known by

the name of Kliyogg." It was translated from the German by Benja-

min Yaughan, a writer distinguished in many fields of work and a

sonal friend of Joseph Priestley. This work was published in

Hallowed, Me., by Peter Ivies in 1800.

Chemistry as a science has undergone such a wonderful transforma-

tion during the century as to make any just comparison of its rela-

tion to any particular industry at the present time with that it held a

hundred years ago somewhat difficult. "We regard with a feeling

akin to compassion the ideas entertained one hundred years ago in

reference to chemistry, especially in its relations to agriculture; but

1 he pride we may feel in our present knowledge of this science should

not be allowed to carry us too far, since at the end of the next cen-

tury the writer who shall undertake a review of this subject may look

with equal compassion on the views we now entertain.

The efforts which were made by Lavoisier and his school to place

the science of chemistry upon a sure foundation some twenty-five

years before the beginning of the century, although making great

progress, had not yet entirely dominated the world of chemical theory.

The crude notions of the earlier chemists concerning phlogiston,

phlegms, essential oils, exudations, evaporation, and other processes

still held sway, and agricultural chemistry was probably the last of

the different branches of chemical science to be Liberated from the

thraldom of these erroneous theories. In spite of this fact, however,

the observations which scientific men had made of the chemical

aspects which agricultural science possessed are not without value

nor are they wholly false.

KNOWLEDGE OF THE COMPOSITION AND FUNCTIONS OF SOILS.

By far the most accurate account of the composition of the soil, as

it was understood at the beginning of the century, is furnished by Sir

Humphry Davy. 1 According to Davy the substances which constitute

the soil "are certain compounds of the earths, silica, lime, alumina,

magnesia, and of the oxidesof iron and magnesium; animal and
vegetable matters in a decomposing state, and saline, acid, or alkaline

combinations." Minute descriptions are given of the various ele-

ments composing the soil, and for the most part these descriptions

represent the state of our knowledge even at the present time. Silica

is described as a compound of oxygen and silicum. Lime is

'Agricultural Chemistry, pp. 154 et seq.
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stated to exist in soils usually united with carbonic acid, and some-

times with phosphoric and sulphuric acids. Lime itself is said to

consist of 40 parts by weight of calcium and 15 of oxygen, which is

very nearly the composition assigned to the substance CaO at the

present time. Alumina, with less accuracy, is described as being

composed of 33 parts by weight of aluminum and 15 of oxygen. Mag-
nesia is described as existing in combination with carbonic acid. Two
oxids of iron are mentioned, the brown and the black, and their

chemical composition as understood at that time is given. The oxid

of manganese, or manganesum, as Davy calls it, is stated to be dis-

tinguished from the other substances found in the soil by its property

of reducing muriatic acid and converting it into chlorin. Vegetable

and animal matters are to be known by their sensible qualities and by
their property of being decomposed by heat. The saline compounds
of soils are described as common salt, sulphate of magnesia, sometimes
sulphates of iron, nitrates of lime and of magnesia, sulphate of

potassa, and carbonates of potassa and soda. These compounds Sir

Humphry regards as of so little importance that he says it is not

necessary to describe their characteristics minutely.

The methods of soil analysis, many of which are still in use at the

present time, are fully described. Upon the whole, most of them, how-
ever, are crude and unsatisfactory, and could not possibly have led

to correct ideas of the composition of the soil. Davy further adds:

"In the first trials that are made by persons unacquainted with chem-
istry, the}7 must not expect much precision of result. Many difficul-

ties will be met with; but in overcoming them the most useful kind of

practical knowledge will be obtained, and nothing is so instructive in

experimental science as the detection of mistakes. The correct analyst

ought to be well grounded in general chemical information; but per-

haps there is no better mode of gaining it than that of attempting

original investigations.

"

Davy fully recognized that the soil is the source of nourishment for

plants, as he says in another place: "Plants being composed of no

locomotive powers, can grow only in places where they are supplied

with food; and the soil is necessary to their existence, both as afford-

ing them nourishment and enabling them to fix themselves in such a

manner as to obey those mechanical laws by which their radicles are

kept below the surface and their leaves exposed to the free atmos-

phere. As the systems of roots, branches, and leaves are very differ-

ent in different vegetables, so they flourish most in different soils.

The plants which have bulbous roots require a looser and a lighter

soil than such as have fibrous roots, and the plants possessing only

short fibrous radicles demand a tinner soil than such as have tap-

roots or extensive lateral roots."

Of vegetable and animal matters Davy says: " Vegetable or ani-

mal matters when finely divided not only give coherence, but likewise
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softness and penetrability; but neither they nor any oilier part of the

soil must be in too great proportion, and a soil is unproductive if it

consist entirely of impalpable matters." He says of mineral constitu-

ents: "Pure alumina or pure silica, pure carbonate of lime, or car-

bonate of magnesia are incapable of supporting healthy vegetation.

Xo soil is fertile that contains as much as 19 parts out of 20 of any of

the constituents that have been mentioned."

Again, lie says: " In all eases the ashes of plants contain some of the

earths of the soil in which they grow; but these earths, as may be

seen by the table of ashes afforded by different plants given in the

lasl h-cture, never equal more than one-fiftieth of the weight of the

plant consumed. If they he considered as necessary to the vegetable,

it is as giving hardness and firmness to its organization. Thus, it

may be mentioned that wheat, oats, and many of the hollow grasses

have an epidermis principally of the siliceous earths, the use of which

seems to be to strengthen them and defend them from the attacks of

insects and parasitical plants."

The physical quality of earths in their relation to water are fully

exploited by Davy, lie says: "The power of soils to absorb water

from the air is much connected with fertility. When this power is

great, the plant is supplied with water in dry seasons, and the effect

of evaporation in the day is counteracted by the absorption of aque-

ous vapor from the atmosphere, by the interior pails of the soil dur-

ing the day, ami by both the exterior and the interior during the

night."

In regard to the food of plants. Sir Humphry states: " Water and
the decomposing animal and vegetable matter existing in the soil

constitute the true nourishment of plants, and as the earthy parts of

the soil are useful in retaining water, so as to supply it in the proper

proportions to the roots of the vegetables, so they are likewise effica-

cious in producing the proper distribution of the animal or vegetable

matter; when equally mixed with it, they prevent it from decompos-

ing too rapidly, and by their means the soluble parts are supplied in

proper proportion."

In speaking of the derivation of soils from rocks, he says: ''The best

natural soils are those of which the materials have been derived from

different strata, which have been minutely divided by air and water

and are intimately blended together; and in improving soils artificially

the farmer can not do better than imitate the processes of nature.

The materials for the purpose are seldom far distant; coarse sand is

often found immediately on chalk, and beds of sand and gravel are

common below clay. The labor of improving the texture or constitu-

tion of the soil is repaid by a great permanent advantage; less manure
is required, and its fertility insured. The capital laid out in this way
secures forever the productiveness and consequently the value of the

land."
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Commissioner Newton, in his first Annual Report, paid a fitting

tribute to the services of Sir Humphry Davy in establishing agricul-

tural chemistry as a separate department of science. He says, speak-

ing of the board of agriculture established by Pitt in 1703:

More than all, the board was instrumental in employing Sir Humphry Davy to

make those experiments which are not only an honor to intellect, but which estab-

lished agricultural chemistry as a department of science, and are of inestimable

value. He delivered his lectures on this subject in 1802. The fundamental principle

which he developed and demonstrated was this—that the productions of the soil

derive their component elements, which for the most part are hydrogen, oxygen,

and nitrogen, either from the atmosphere by which they are surrounded or from
the soil in which they grow. He showed that the process of vegetation depends
upon the perpetual assimilation of various substances to the organs of the plants

in consequence of the exertion of their living powers and their chemical affinities,

stimulated chiefly by moisture, light, and heat. The 'discoveries in chemical sci-

ence before Davy's time had undoubtedly prepared the way for his triumph, but

he is none the less entitled to praise. He first recognized a plant as a living thing,

the laws of whose existence were to be studied in order to develop a perfect

growth. He showed, by analysis of soils and plants, what properties and condi-

tions would best furnish the elements needed in cultivation.

KNOWLEDGE OF FERTILIZERS AND MANURES.

The chemical knowledge of the composition and functions of fer-

tilizers at the beginning of the nineteenth century was extremely

nebulous. Experience of a wholly empirical nature had shown from
the earliest history of agriculture the value of certain refuse products

of the stable and the barnyard in increasing the yield of crops; but

the component parts of these materials and the manner in which they

acted were entirely unknown. It was the custom in many of the

older countries for the farmers to increase the litter of the farmyard

by gathering leaves and twigs, which were used in bedding the ani-

mals. As, for instance, it was said of Kliyogg: "He is attentive also

to gather all the dried leaves, moss, and rushes from his ground that

can serve for litter. * * * A compost dunghill appears to him an
object of so great importance to the improvement of land that of all

branches of labor he regrets the want of assistance in this the most.
* * * In prosecution of this design, in autumn, during the moon's

increase, Kliyogg goes into his wood with a hedge bill to prune the

supernumerary branches of fir and pine trees. * * * These he

binds into faggots and carries home. * * * At leisure hours, and
especially in long winter evenings, he prepares these faggots for the

purposes intended. * * * By this method he amasses many
proper materials for good manure." l

Kliyogg was also careful to preserve the liquid manures which
exuded from his stables, and for this purpose he constructed trenches

in his cow houses. It is interesting to know that, unwittingly, he had

1 The Rural Socrates; or, An Account of a Celebrated Philosophical Farmer,
Lately Living in Switzerland, Known by the Name of Kliyogg, p. 8.
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discovered the true function of much of this material, which lie

regarded as a ferment. The record says: " Thus placed, it receives

the urine and dung of his cattle, and being always kept half full of

water, it forms a thick mixture and serves as a ferment, with which a

very great quantity of water may in a very short time be converted

into liquid manure. One portion of this ferment being mixed will;

seven portions of the freshest spring water soon makes the whole

become corrupt, especially if the reservoir in which the mixture is

made is of wood and placed in a warm situation, or if an artificial

heat is substituted in case a natural heat is wanting. By means of

this fermentation an excellent manure is produced, which proves the

best assistant which can be given to such meadow and arable lands as

are naturally dry." 1

The earlier accounts of scientific agriculture at the beginning of the

century recognized the great value of gypsum as a fertilizing material.

All the writers refer favorably to its use. The use of gypsum as a

fertilizer is said to have been the discovery of the Rev. Mr. Meyer,

pastor of Kupferzell, Germany. .Mr. Meyer published a detailed

account of the manner of using gypsum. According to the method
described by him, gypsum should be spread in its natural state after

being reduced to powder, and is useful upon meadows containing both

the common and cultivated grasses. Mr. Meyer also found gypsum
valuable with peas, vetches, lentils, oats, rye, and tobacco. Its most
surprising effect, however, was upon clover, and this in soils the most
dry and arid. On marshy ground it was found to produce no good

effect. It is urged that gypsum should be spread upon the grass or

grain before it begins to shoot. Upon meadows, the best time for

spreading it is stated to be at the melting of the snow, and upon fields

of grain, as soon as they are sown. Benjamin Vaughan, the trans-

lator of "The Rural Socrates," says that at the end of the last cen-

tury and at the beginning of the present gypsum was used largely in

the United States, and he refers to the writings of Judge Peters, Robert
Morris, Dr. Mitchill, Mr. Bordley, and others on the subject.

-

The use of marl was also fully understood at the beginning of the

century. Since the time of the Roman conquest, and probably before,

the marl beds of northern France and southern Belgium have been
constantly exploited. Great hollows are found in many of the fields

of northern France made by the excavation of marl many centuries

ago. Kliyogg calls the marl bed "that mine of farming gold," and
says: "I owe to this marl not only abundant harvests, but the char-

acter of my children. It is true that they murmured against me at

first for employing them in hard labor, even during the winter. * * *

But at length the rich harvests with which Providence blessed us

1 The Rural Socrates; or, An Account of a Celebrated Philosophical Farmer,
Lately Living in Switzerland, Known by the Name of Kliyogg, p. 128.

2 Ibid., pp. 128 and 129.
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forced them to confess that I had said nothing which was not both

true and useful." '

The true function of marl, however, was but little understood, and

even its chemical composition was practically unknown by those

using it.

In the article on husbandly, in "The Spectacle of Nature,' 1

the Prior,

in conversation with the Chevalier, says in regard to manure: "This

manure, which completes what the dews of heaven had begun, is the

most contemptible substance upon the face of the earth, and is chiefly

composed of the litter taken from stables and sheepfolds; dove houses,

hencoops, and the dwellings of all domesticated animals furnish

manures that differ in their degrees of heat, and which being blended

together, as well as quenched and corrected by each other, replenish

the land with all the fertility it had lost." Among other substances

which the Prior mentioned as being used for manures are straw,

stubble, shells of pulse, useless leaves, refuse of garden herbage,

rotten wood, chimney and oven soot, rags, hair of animals, cuttings of

leather, skins of beasts, bark of trees, lees of wine, sediments of oil,

malt dust, tanners' bark, dyers' lees, soapsuds, of which last it is said,

" which are commonly thrown out of the laundry as useless, though

soap is impregnated with oils and salts, which are the principal ele-

ments of plants."

The Prior also says: "No kind of manure has more prolific quali-

ties than the soil which is swept from populous cities, and especially

those where a great number of kitchens and dyers of wool are continu-

ally discharging into the streets a fat and oily sediment, which is very

beneficial to corn." 2

The value of ashes is fully recognized, in the essay on husbandry,

\iy the Prior, who says that they can supply the place of all the rest

if a sufficient quantity can be obtained. The ashes of wood are pre-

ferred to those of any other substance. He advises the burning of

turf for the purpose of securing the ashes. The methods of forming

composts with ashes are fully described.

The prevailing idea at that time that oil is one of the most valuable

of manures is developed in his description, it being staled that "oil

and salts constitute the chief merit of the manure."

The fact that the principal value of the ashes is due to the potash

and phosphoric acid which they contain was not even suspected by the

<\n4ier scientific agriculturists. The early agriculturists in our country

were imbued with the customs of their European homes in regard to the

use and value of manure, although upon the virgin lands there seemed

to be but little necessity for the application of fertilizing substances.

The necessity of fertilizers, however, soon became evident, especially

on lands planted continuously to cereals and to tobacco. When the

first abundant crops, due to the virgin fertility of the soil, began to

1 The Rural Socrates, pp. 143 and 144. 2 The Spectacle of Nature, pp. 231 and 232.
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diminish, the colonists received a valuable lesson in the use of artifi-

cial fertilizers from Squanto, one of the leading Indians of the New
England coast. In Governor Bradford's "History of Plimouth Planta-

tion" is given an account of the early agricultural experiences of the

Plymouth colonists. In April, 1621, at the close of the first long,

dreary winter, " they [as many as were able] began to plant their

corne, in which service Squanto [an Indian] stood them in great stead,

showing them both ye manner, how to set it, and after how to dress

and tend it. Also he tould them, axcepte they got fish and set with

it [in these old grounds], it would come to nothing; and he showed

them yt in ye middle of April 1, they should have store enough come
np ye brooke by which they begane to build and taught them how to

bake it."

In George Mourt's l
" Relation; or, Journal of the beginning and pro-

lings of the English Plantation settled al Plimouth, in New Eng-

land, by certain English adventurers, both merchants and others,"

London, 1622, it is said:

We set the last spring some twenty acres of indian corn, and sowed some six

acres of barley and pease, and according to the manner of the Indians, we manured
our ground with herrings, or rather shads which we have in great abundance and
take with great ease at our doors. Our corn did prove well, and, God be praised,

we had a good increas i of indian corn, and our barley indifferent good.

Thomas Morton, in his "New England Canaan," London, 1632,

wrote of Virginia

:

There is a fish (by some called shadds, by some allizes) that at the spring of the

yea ' • passe up the rivers to spawn in the pond, and are taken in such multitudes

in everyriver that hath a pond at the end that the inhabitants doung their ground
with thorn. You may see in one township a hundred acres together set with
these fish, every acre taking 1,000 of them, and an acre thus dressed will produce
and yield so much corn as three acres without fish: and least any Virginea man
v, o dd infere hereupon that the ground of New England was barren, because they

use m ire fish in setting their corne, I desire them to be remembered, the cause is

plaine in Virginea, they have it not to sett. But this practice is onely for the

indian maize (which must be set by hands), not for Engli-h grain; and this is

therefore a commodity there.

The following amusing ([notation is from the records of tin- town of

Ipswich, Mass., May 11, 1014:

It is ordered that all the doggs for the space of three wedes from the pub-
lishing hereof shall have one legg tyed up, and if such a dogg shall break loose

and be found doing harm the owner of the dogg shall pay damage. If a man
refuse to tye up his dogg's leg, and hee bee found scraping up fish in a corn field,

the owner thereof shall pay twelve pence damage, beside whatever damage the
dogg doth. But if any fish their house lotts and receive damage by doggs, the

owners of these house lotts shall bear the damage themselves.

It is thus seen that even on the old ground cultivated by the Indian
before the advent of the colonists it was not possible to raise good
crops except by the artificial manuring which has been described
above. Little was known, however, of the nature of these fertilizing

1 a 99 14
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materials and the manner in which they nourished plants. The first

real knowledge of fertilizing- materials which was in vogue in this

country came from the republication of Sir Humphry Davy's "Agri-

cultural Chemistry" and its distribution throughout the colonies. It

may be stated that this book produced the first real impression, of a

scientific nature, of the relation of chemistry to the progress of agri-

culture. Many of the lectures given by Sir Humphry Davy were on

the subject of manures, in which he treated of the manures of vege-

table and animal origin, of the manner in which they became the

nourishment of the plaut, of fermentation and putrefaction, of mixed
manures, of general principles in respect of the use and application

of manures of mineral or animal origin, of fossil manures, of lime, of

gypsum, of alkaline salts employed as manures, of alkalies, and of

common salt, lie also gave a lecture on the improvement of land by
burning and the chemical principles which underlie this operation.

He first announced the general principles that all manures must prac-

tically be dissolved before they can enter the organism of the plant.

lie says: "The pores in the fibers of the roots of plants are so small

thai it is with difficulty they can be discovered by the microscope.

It is not, therefore, probable that solid substances can pass into them
from the soil." :

Sir Humphry supposed that sugar was a valuable fertilizing mate-

rial, because when he grew plants in a solution of sugar, jell}', and
mucilage lie found that they grew vigorously. He recognized the

fact that vegetable and animal substances, before they can become
useful as plant food, must be changed in some way, since he says,

"They can only nourish the plant by affording solid matters capable

of being dissolved by water or gaseous substances capable of being

absorbed by the fluids in the leaves of vegetables. * * * The
great object in the application of manure should be to make it afford

as much soluble matter as possible to the roots of the plants, and that

in a slow and gradual manner, so that it may be entirely consumed
in forming the sap or organized parts of the plant. * * * Vege-

table manures in general contain a great excess of fibrous and insolu-

ble matter, which must undergo chemical changes before they can

become the food of plants." 2

Chief among these changes he regarded fermentation, thus recog-

nizing at that early date the great principle of change which organic

matters must undergo before they become useful as plant foods. Sir

Humphry, however, was familiar onl}T with the variety of fermenta-

tion which produced carbonic acid and alcohol, and of course had no
knowledge of the really essential fermentation, from a fertilizing point

of view, which such substances undergo. He, however, realized that

there was a fermentation of a different kind, because he says: "Ani-

mal mallei's in general are more liable to decompose than vegetable

'Agricultural Chemistry, p. 269. -Ibid., pp. 272 -and 273.
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substances; oxygen is absorbed and carbonic acid and ammonia formed

in the process of their putrefaction. They produce fetid compound
elastic fluids, and likewise azote." 1

The principal substances which are found in animal manures,

according to Davy, are gelatin, fibrin, mucus, animal fats and oils,

and albumin and urea. The effect of sterilization or pasteurization

in preventing the decay of animal matters is fully recognized by Davy
in describing what he cadis "Appert's method of preserving animal and

table substances," which is practically the pasteurization of the

present day. He says: "This method is by tilling a vessel of tin plate

or glass witli the meat or vegetables; soldering or cementing the top

so as lo render the vessel air-tight, and then keeping it half immersed

in a vessel of boiling water for a. sufficient time to render the meat or

vegetables proper for food. In this last process it is probable that

the small quantity of oxygen remaining in the vessel is absorbed; for

on opening a tinned iron canister which had been filled with raw beef

and exposed to hot water the day before, I found that the minute

quantity of elastic fluid which could be procured from it was a mix-

ture of carbonic-acid gas and azot<

It appears, therefore, that the process of pasteurization is at least

as old as the nineteenth century.

Sir Humphry makes the following additional observation: " Where
meat or vegetable food is t:> be preserved on a large scale for the use

of the navy or army, for instance. 1 am inclined to believe that by

forcibly throwing a quantity of carbonic acid, hydrogen, or azote into

the vessel by means of a eo- • similar to that used for

making artificial Beltzer water, any change in the substance would be

more effectually prevented. No elastic fluid in this case would have

room to form by the decomposition of the meat, and the tightness

and si rength of the vessel would be proved by the process. Xo putre-

faction or fermentation can go on without the generation of elastic

fluid, and pressure would probably act with as much efficacy as cold

in the preservation of animal or vegetable food." 2

The use of oil cakes for fertilizing is recommended by Davy, and
rape cake ami linseed oil are mentioned, although the knowledge that

their value depends upon their nitrogenous bodies did not obtain.

The fertilizing value of mart dust, which consists of the powd
radicle of malt, is attributed to the amount of sugar which it con-

tains. Linseed cake is said by Davy to be too valuable as a food for

cattle to be employed as a manure. Seaweed is also recommended as

a valuable fertilizing material. He also dwells upon the value of

wood ashes, animal carcasses, and fish for fertilizing purposes. The
value of fish is explained by Davy as follows: " It is easy to explain

the operation of fish as a manure. The skin is principally gelatine,

which, from its slight state of cohesion, is readily soluble in water;

'Agricultural Chemistry, p. C74. -Ibid., pp. 278 and 279.
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fat or oil is always found in fishes, either under the skin or in some
of the viscera, and their fibrous matter contains all the essential ele-

ments of vegetable substances." 1

The curious idea that the oil is the chief manurial substance is

further advanced in the statement that blubber is a valuable manure.

Probably the real value of the blubber was from the minute quantity

of nitrogen which it contained.

The value of bones is recognized by Davy. It is stated that "the
more divided they are the more powerful are their effects." Bone
dust and bone shavings, according to Davy, may be advantageously
employed, and he recognizes that the basis of bone is the phosphate
of lime, and also that it contains gelatin and cartilage, which seem
to be of the same nature as coagulated albumin. It is evident that

horn appeared to Davy to be a more powerful manure than bone.

The refuse of the slaughterhouses, as skin, leather, hair, feathers,

and blood, were regarded as valuable by him.

The value of guano as a fertilizer was also fully recognized at the

beginning of the century, a much earlier date than is generally sup-

posed. Davy says that "the value of guano as a fertilizer is easily

inferred from its composition. It contains one-fourth part of its

weight of uric acid, partly saturated with ammonia and partly with

potassa, some phosphoric acid and lime, and small quantities of sul-

phate and muriate of potassa, and a little fatty matter." 2

The value of lime for fertilizing purposes is fully discussed by
Davy and the principles of its application most justly set forth. 3

Magnesia was supposed to have almost equal value. The value of

gypsum was also thoroughly appreciated. The use of ashes of burned

peat was said to be very beneficial.

The value of phosphorus as a plant food was not appreciated, even

at the time of Davy, and no large deposits of mineral phosphates were

known. In speaking of phosphate of lime, he sa37s: "It exists in some
places in these islands native, but only in very small quantities.

* * * It is probably necessary to corn crops and other white

crops. * * * Bone ashes ground to powder will probably be found

useful on arable lands containing much vegetable matter, and may
perhaps enable soft peats to produce wheat; but the powdered bone

in an uncalcined state is much to be preferred in all cases when it

can be procured." 4

Davy thus unwittingly shows the great loss of fertilizing matter

which attends the burning of bones by the destruction of the nitrog-

enous bodies which they contain, but was not aware that this loss

diminished their utility. Speaking of wood ashes, he sa3T
s: "Wood

ashes consist principally of the vegetable alkali united to carbonic

'Agricultural Chemistry, p. 289. 8 Ibid., pp. 315 ct seq.

-Ibid., p. 297. J IbicL, p. 336.



RELATION OF CHEMISTRY TO AGRICULTURE. 213

acid, and as this alkali is found in almost all plants, ii is not difficult

to conceive that it may form an essential part of their organs. "

*

The vegetable alkali referred to is potash, and its efficiency was

supposed to be due to the fact that it rendered soluble carbonaceous

and other substances and permitted them to be absorbed by the tubes

in the radicle fibers of plants.

In regard to soda, which he calls "mineral alkali,"-' in distinction

from vegetable alkali, he regards it of equal value. The use of com-

mon salt is also urged, because it is offensive to insects.

The observations made by Davy on the use of nitrate of potash are

extremely interesting. He says: "Sir Kenelm Digby states that he

made barley grow very luxuriantly by watering- it with a very weak

solution of niter; but he is too speculative a writer to awaken confi-

dence in his results. This substance consists of 1 portion of azote,

of oxygen, and I of potassium, raid it is not unlikely that it may
furnish azoic to form albumen or gluten in those plants that contain

them; but the nitrous salts are too valuable for other purposes to be

used a.s manures." 3 Tins is a very apropos observation, since it was

made at the time of the Napoleonic wars.

Sulphate of potassium, Davysays, is considered a valuable manure

by \>v. Home. Mr. Xaismith questions his results, and quotes experi-

ments hostile- to his opinion, ami, as he conceives, unfavorable to the

efficacy of any saline manure.''

In a general view of the whole subject of the use of saline sub-

stances, Davy says:

It is unnecessary to discuss to any greater extent the effects of saline substances

on vegetation, except the ammoniacal compounds, or the compounds containing

nitric, acetic, and carbonic acid: none of them can afford by their decomposition

any of the common principles of vegetation—carbon, hydrogen, and oxygen.

The alkaline sulphates and the earthy muriates are so seldom found in plants,

or are found in such minnte quantities, that it can never be an object to apply them
to the soil. It was stated in the beginning of this lecture that the earthy and

alkaline substances se< m never to be formed in vegetation, and there is every rea-

son, likewise, to believe that they are never decomposed, for after being absorbed

they are found in their ashes. 4

It is thus seen that as late as 1815 there was no practical apprecia-

tion of the use of mineral fertilizers, even in the most advanced

studies of the relation of chemistry to agriculture, and the notions

regarding the application of vegetable and animal matters for fertiliz-

ing purposes were in most cases erroneous and the knowledge of their

good effects principally empirical.

KNOWLEDGE OF THE COMPOSITION OF AGRICULTURAL CROPS.

All that was practically known at the beginning of the century in

regard to the chemical composition of agricultural products is con-

tained in the third lecture given by Sir Humphry Davy before the

'Agricultural Chemistry, p. 337. 3 Ibid., p. 339.

Ibid., p. 337. 4 Ibid., p. 340.
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British Board of Agriculture. 1 It will not be necessary, therefore, to

give the opinions of other authors on this subject.

Vegetables are thus defined: " Vegetables are living structures dis-

tinguished from animals by exhibiting no signs of perception or of

voluntary motion; and their organs are either organs of nourishment

or of reproduction; organs for the preservation and increase of the

individual, or for the multiplication of species."

Nineteen different bodies or classes of bodies were recognized by
Davy as constituting vegetable substances in general. These are :

"
1,

gum, or mucilage, and its different modifications; 2, starch; 3, sugar;

4, albumen; 5, gluten; 6, gum elastic; 7, extract; 8, tannin; 9, indigo:

10, narcotic principle; 11, bitter principle; 12, wax; 13, resins; 14,

camphor; 15, fixed oils; 1G, volatile oils; 17, woody fiber; 18, acids:

10, alkalies, earths, metallic oxides, and saline compounds."

Gum, or mucilage, which is a certain variety of gum, is described

as being easily soluble in water and insoluble in alcohol. All the

varieties of gum and mucilage were regarded as valuable plant foods,

as well as useful in some of the arts, as, for instance, in calico printing.

Starch is described as being soluble in boiling water.

Sugar is regarded as furnished chiefly by the sugar cane, and only

small quantities by other sources. It is remarkable that Davy
describes a method, which he proposed for purifying raw sugar, which

has latel}' been made the subject of patents in this and other coun-

tries, namely, by washing the crystals, or raw sugar, with a sugar

sirup. The sugar which is derived from the beet is said to be peculiar

in its nature and to agree with the sugar of grapes in its general

properties and in having a bitter taste. The properties of sugar, as

an animal food, were recognized by Davy, who states that the British

market was overstocked with this article from the West India Islands,

and for this reason proposals had been made for using it as a food for

cattle. His opinion that it was a valuable food for vegetables has

already been cited.

Vegetable albumin was known to exist in the juice of the pa paw
tree, and tables of analyses are given showing its percentage com-

position.

The properties of gluten are described, and it is said to be distin-

guished from albumin chiefly by its insolubility in water. Its high

nutritive value was also appreciated, and it is stated to be one of the

most nutritive of vegetable substances.

Under the head of "extract" is described a variety of substances

obtained from different plants, evidently mixtures of various bodies

Extract, it is said, in its pure form can not be used as an article of

food, but if is probably nutritive when united to starch, mucilage, or

sugar.

Tannin is declared to be of no nutritive value.

1 Pages 55 et seq.
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The other bodies found in plants, as enumerated by Davy, are of

no value, from a food point of view, except the oils, which he divided

into two varieties, namely, fixed and volatile.

Among- the acids which were known to exist at that time in the

vegetable kingdom, are mentioned oxali'% citric, tartaric, benzoic,

acetic, carbonic, and prussic.

Of the fixed alkalies, potash IS recognized as being the one common
to the vegetable kingdom.

Of the mineral acids, Davy states that phosphoric, sulphuric, muri-

atic, and nitric exist in many saline compounds in the vegetable

kingdom, but they can not be oroperly considered as vegetable

products.

Davy lmld to the opinion, which was prevalent in his time, and

which still exists in many quarters, that the rigidity of plaids is due

solely to the quantity of silica which they contain. His views of the •

composition of plaids were the most advanced and scientific which

had ever at that time been proposed, and their scientific value espe-

cially may be recognized by a comparison with the theory of plant

composition exposed by Dr. Thomson in his elaborate and Learned

system of chemistry. He quotes Thomson as describing six vegetable

substances, which he calls mucus, jelly, sarcocol, asparagin, inulin,

and uliniii. Davy <lo<\s not agree with this view, and says: "It is

probable, from Hie taste of sarcocol, thai it is gum combined with a

little sugar. Inulin is so analogous to starch that it is probably a

variety of that principle; aimin has been lately shown by Mr. Smith-

son to be a compound of a peculiar extractive matter and potassa,

and asparagin is probably a similar combination." 1

It is not to be wondered at that the views, even of the most advanced

kind, concerning the composition of plants were of such an erroneous

nature when we consider the state of analytical chemistry at that

time. Sir Humphry Davy was, without doubt, the most skillful and

accurate chemist of his time or of any lime that preceded him, and
the wonder is that he could have reached such correct results with

the methods of analysis which he himself describes.

In regard to the theoretical composition of bodies resembling each

other in vegetable substances, Davy says:

Gum and sugar afford nearly the same elements by analysis, and starch differs

from them only in containing a little more carbon. The peculiar properties of

gum and sugar must depend chiefly upon the different arrangement or degree of

condensation of their elements; and it would be natural to conceive from the com-

position of these bodies, as well as that of starch, that all three would be easily

convertible one into the other, which is actually the case.

At the time of the ripening of corn the saccharine matter in the grain and that

carried from the sap vessels into the grain, becomes coagulated and forms starch;

and in the process of malting, the converse change occurs. The starch of grain

1 Third lecture by Sir Humphry Davy before the British Board of Agriculture,

p. 118.
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is converted into sugar. As there is a little absorption of oxygen and a forma-
tion of carbonic acid in this case, it is probable that the starch loses a little carbon,

which combines with the oxygen to form carbonic acid; and probably the oxygen
tends to acidify the gluten of the grain, and thus breaks dov>rn the texture of the

starch, gives a new arrangement to its elements, and renders it sduble in water. 1

The first table showing the comparative nutritive value of different

foods ever published was probably that constructed by Davy, in winch
all the more common vegetable varieties of foods are compared in

respect of their proportions of nutritive matter. These nutritive

bodies are grouped under four heads—mucilage, or starch; saccharin

matter, or sugar; gluten, or albumin; and extract. Rather strangely,

the oils and fats of vegetables are not regarded as of sufficient nutri-

tive importance to find a place in the table.

The value of gluten in bread making is fully recognized in Davy's
studies of the composition of plants, and some of the earliest observa-

tions upon the nutritive value of different kinds of wheat are found
in his writings. He says:

It is probable that the excellence of the different articles as food will be found
to be in a great measure proportional to the quantities of soluble or nutritive

matters they afford; but still these quantities can not be regarded as absolutely

denoting their value. Albuminous or glutinous matters have the characters of

animal substances; sugar is more nourishing, and extractive matter less nourish-

ing, than any other principles composed of carbon, hydrogen, and oxygen. Cer-

tain combinations likewise of these substances may be more nutritive than others.*

It was also recognized that flour made from hard wheat is to be more
esteemed than that made from soft, even when there is no difference

in the process of making them into bread; but the flour from hard

wheat will absorb and retain more water in making into bread, and
will consequently produce a greater weight of bread. It is shown by
chemical analysis that this difference in incorporating hard and sofo

wheat in bread making is due to the larger amount of gluten con-

tained in the hard wheat.

REVIEW OF THE EARLY KNOWLEDGE OF THE RELATION OF CHEMISTRY
TO AGRICULTURE.

It is now possible to give a general view of the knowledge of the

relations which chemistry held to practical agriculture at the begin-

ning of the century. In regard to soils, some general notions of a

true character were held as to their composition. The real plant

foods in the soil, however, were not appreciated. "While in a general

way it was recognized that phosphoric acid, potash, and lime entered

into the composition of the plant, it is evident from a study of the

literature of the time that silica was regarded as more beneficial to

the plant than any of the other mineral matters mentioned. The
manner in which the food was furnished to the plant was imperfectly

1 Third lecture by Sir Humphry Davy before the British Board of Agriculture,

pp. 127 and 128. '*' Ibid., p. 151.
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known, save thai it was generally conceded thai the mineral mat-

ters must first enter into solution before they could In' distributed

throughout the plaid

.

In regard to the physical nature of the soil, it was a matter of com-

mon observation thai it had much to do with the efficacy of plant

growth. The open and porous soiis were more prized than those of

a hard ami impenetrable nature, and the general distinctions between

sandy, loamy and clayey soils were well understood.

The notion was extremely prevalent that the soils serve more as a

resting place and support for the root system of the plaids, while the

materials for plant growth in some way resemble exudations, or

emanations, which come partly from the soil itself and partly from the

atmosphere. The actual chemical composition of soil was hut little

understood, and this arose from the fad that the means of chemical

analysis were so meager and its processes so unsatisfactory as to pre-'

elude the possibility of securing exad data. Nevertheless, a reason-

ably accurate knowledge was had of the chief constituents of the soil,

if not of the functions which they played in planl growth. That the

soil was a vehicle for the administration of the nourishing (dements

of food, was not fully appreciated at the beginning of the century.

The nitrogen, or azote, as it was called in that day, was supposed to

reach the planl exclusively in the form of ammonia, and no accurate

knowledge of the relation of the soil to the production of azotized

foods \\ as e \ tant.

Perhaps, however, the most striking error in connection with the

not ions relating to the constitution of the soil itself in respeel of plant

growth is found in the fact that the true functions of phosphoric

acid and potash in the nutrition of plants were imperfectly, if at all,

understood by even the most advanced agricultural chemists of that

day.

It is true that the chemical com posit ion of manures which were then

in use was not well known, nor were the processes by which manures-

became available as plant food at all understood, but the practical

knowledge of the use of stable manures, of marls, of gypsum, and of

lime was generally diffused and acted upon, of artificial manures,

other than those mentioned, little was known save that the aborigines

of the New England States had taught the early settlers the great

value of using fish as a fertilizer.

Some idea also was entertained of the value of the refuse of the

slaughterhouses for fertilizing purposes, and it was known that blood,

bone, and horn were useful in promoting the growth of crops, but

how and why were not understood.

The value of clover and other leguminous crops in increasing soil

fertility was recognized, but the causes which established this value

were not at all known. The process of fermentation was recognized

in the manufacture and preparation of manures, but the nature of
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this fermentation was wholly unknown to the investigators and chem-
ical agriculturists of that time. Empiricism in the use of manures
through thousands of years had led to most valuable practical results,

but little was due at that time to the discoveries and researches of
chemistry. When we look at the knowledge which was possessed of
the composition of plants, we do not wonder that the relations of the
soil and of fertilizers to plant growth were so little understood. The
methods of investigation in vogue were totally inadequate to reveal
the true constitution of plants, and it is a matter of wonder to us at
the present time that with such crude apparatus and such imperfect
methods so much accurate knowledge could have been obtained. The
processes of organic analysis had only just been introduced, and only
the general constitution of the carbohydrates, as represented by the
gums, mucilages, starches, and sugars of that day, was definitely
established, but the percentage of nitrogen contained in the albumin
and gluten recognized as existing in plants is scarcely more accurately
known at the present day than it was then.

The more important organic acids also existing in plants had been
discovered, separated, and identified, and in general it must be con-
fessed that, in so far as the progress of chemistry relating to the com-
position of plants is concerned, the agricultural chemists of the
beginning of the century are to be congratulated on the attainments
which they had made. The weak point of their researches and inves-
tigations was that they had made no systematic effort to correlate the
composition of plants and of the soil to the principles of plant growth.
With their imperfect ideas of the nature of plant nutrition, it did nut
occur to them that a great system of scientific agriculture could be
based upon investigations of this kind. They, however, had done
enough to pave the way for the great impetus which the investiga-
tions of Liebig, Gilbert, Boussingault, and others gave to systematic
agricultural chemistry some thirty or forty years later.

Scientific Agriculture About the Middle of the Century.

the era of liebig.

The publication of Liebig 1

s work entitled "Chemistry in its appli-
cations to agriculture and physiology," in 1840, marked a complete
change in the theories of chemistry in respect of agriculture existing
at the beginning of the century as portrayed in preceding pages, and
inaugurated the new science of agriculture, resting upon his investi-
gations as a foundation. If Wurtz could say, "Chemistry is a French
science, founded by Lavoisier, of immortal memory," with all the
greater propriety may we say of the agriculture of to-day, "Agricul-
ture is a chemical science, founded by Liebig, of immortal memory."
"Perfect agriculture," Liebig says in the preface to the first edition
of his book, "is the true foundation of all trade and industry; but
a rational system of agriculture can not be formed without the



RELATION OF CHEMISTRY TO AGRICULTURE. 219

application of scientific principles, for such a system must be based on

an exact acquaintance with the means of nutrition of vegetables and

wit li the influence of soils and actions of manure upon them; this

knowledge Ave must seek from chemistry, which teaches the mode of

investigating the composition and of studying the character of the

different substances from which plants derive their nourishment."

Within a year after Liebig's book was published it was translated

into English, and soon thereafter was found in the languages of all

the leading nations of t he world. Liebig, however, must not be given

the sole praise for the establishment of the true theory of scientific

agriculture. Very much earlier in the century De Saussure, a cele-

brated French chemist and botanist, published his "Chemical

researches on vegetation," and a decade before Liebig published his

first work Boussingault, the most celebrated French agricultural

chemist of the early part of the century, had produced a great many
works on the relations of chemistry to agriculture. To both of these

authors Liebig is largely indebted, and t<> each of them he gives full

credit. The part which Davy took in preparing the way for these

later investigations lias already been pointed out.

Previous to the time of Liebig, as already indicated, it was com-

monly understood that organic substances, such as sugars and oils,

were the chief foods of plants, either in the fresh state or in the par-

tially decayed condition known as humus. In fact, the attitude of

mistry toward agriculture in the first four decades of the century

was so strongly marked on this point that the whole system of plant

nutrition, as understood at that time, might witli propriety be desig-

nated the humus theory. Although other writers before the time of

Liebig had intimated that the air and water, and not the earth, were

the source of the carbon, oxygen, and hydrogen in plants, it mast be

admitted that it was through the researches of Liebig that the great

principles of plant nutrition, founded on the elaboration of t lie ele-

ments of carbohydrates from the air and water, were fully developed.

As iu most other i -. however, the tendency of mankind to

h extremes was shown on this point. Liebig in his fight against

the humus theory naturally went to the other extreme of denying that

the humus took any part at all in plant nutrition. He based his chief

action To the humus theory on the ground that humus was prac-

tically insoluble, and that therefore it could not enter into the circu-

lation of the plants. This argument wre know now is not a valid one,

but it served as the basis of an attack uj>on an erroneous theory which

had established itself firmly in the minds of advanced agriculturists.

As early as 1807 Thompson observed that if plants be deprived of

carbonic acid, they wither and die, and these observations had been

confirmed by a great many observers. It was Ingenhousz who first

made the observation that plants absorb carbonic acid only under the

influence of sunlight, while in darkness the tendency of plants is to
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give off rather than absorb this gas. It was urged against Liebig's

theory of plants deriving their carbon from carbonic acid that the

quantity of this gas in the air was so minute as to render Liebig's

idea absurd. It is well known at the present time that the amount
of carbonic acid in the air does not much exceed 4 parts in 10,000, and
yet this quantity is amply sufficient to furnish the immense quanti-

ties of carbon of which the structures of plants are largel}* composed.

It is easy to believe that in past ages, especially the one known by
geologists as the Carboniferous Era, the quantities of carbonic acid

in the air were much larger than at the present time and the amount
of precipitation much greater. These two conditions, combined with

the fact that the temperature of the earth must have been higher,

account for the luxuriant growth of vegetable matters in those epochs,

the gradual decay of which, under pressure, has provided the coal

deposits of the present day. Liebig and his colaborers finally deter-

mined experimentally that organic matters were not suitable foods

for plants, and that when sugar, gum, or starch are offered to a plant

these compounds do not nourish it in any true sense. The vital

functions of plant life consist rather in the elaboration of these

organic bodies and other compounds from the inorganic elements on
which the plants are fed. This is true, especially of green plants;

whereas in the case of colorless plants the reverse is probably true,

and these feed rather upon organic matter than upon inorganic. It

was in this instance that Liebig's theory led him too far in denying

the part of organic matter in any kind of plant life. Indeed, it has

been found by researches carried on in the Division of Chemistry that

the elements of humus may enter into the plant, as shown by the

dark color of the juices of sugar cane grown upon humus soils and in

the increase of amid nitrogenous matter in oats grown upon soils

extremely rich in humus.
Long after the establishment of the practical truth of the doctrines

of Liebig it was discovered that Lavoisier, fully sixty years before the

time of Liebig's discoveries, had observed the same phenomena,
although the information was not given to the public until the final

publication of the papers of the great French chemist in 18G2. It was
then discovered that in one of Lavoisier's notes he had made this preg-

nant observation: "Plants derive the materials necessary for their

formation from the air which surrounds them, from the water, and in

general from the mineral kingdom. " Thus, after all, we must attribute

to Lavoisier the credit of having discovered the true theory of plant

nutrition. The following from Lavoisier's observations wonderfully
increases our admiration for the genius of this great man:
Animals feed on plants and on other animals fed by plants, so that the sub-

stances composing them are, in the last instance, always drawn from air and from
the mineral kingdom. On the other hand, fermentation, putrefaction, and com-
bustion continually restore to the air and to the mineral kingdom the principles bor-

rowed from them by plants and animals.
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While the theory of Liebig touching the formation of carbeky-

drates is fully corroborated by all modern investigations, in so far as

the food of green plants is concerned, he never obtained the true solu-

tion of the method in which nitrogen was fed to plants, lie assumed
that the nitrogen was fed in the form 'of ammonia produced by the

putrefaction of plants and animals, and, as is now well known, formed

in theatmosphere by electrical discharges-am! in otherways. Liebig,

as appears from his researches, was not at first aware of the importance

of the pari played by artificial fertilizers and manures in furnishing

nitrogen to plants.

MINERAL THEORY OF PLANT NUTRITION.

The advances which chemistry has made in establishing the meth-

ods by which nitrogen becomes food for plants will be shown later.

While the olderview of the nutril ion of plants is properly characterized "

by the term "humus," or •organic" theory, the school established

by Liebig held to tic- theory of plant nutrition which may properly be

denominated the "mineral" theory. Liebig was the first to study

systematically the subject of mineral or artificial manures, and his

views in tins matter soon found their way into the United States. In

the agricultural par; n\' the Patent Office Report for the year 1845

Liebig contributes an interesting letter on the subject of artificial

manures. In this letter if is believed the true principles connected

with artificial manuring were fust brought to the attention of Ameri-

can farmers. Among the artificial manures mentioned by Liebig in

this letter are the earthy phosphates, of which at thai time pracl ically

only one variety, namely, apatite, was known to exist. Liebig, how-

ever, in discussing the value of phosphate of lime as a fertilizer makes
the curious mistake of saying that hones are most efficient for fertiliz-

ing purposes after they have been burned. It is strange that so keen

an observe r as Liebig could have been led into such a great error. He
was right, however, in assuming that so far as the phosphate of lime

is concerned, its utility as a plant food is determined largely by the

rapidity with which it will enter into solution. It was for this reason

that he assumed thai the burned bones were more efficient than the

unburned, arguing with great skill that the gelatin, or glue, which the

bones contained had a tendency to keep the phosphatic material

insoluble. He was the first who recommended the use of sulphuric

acid on bones and mineral phosphates for the purpose of converting

the lime into gypsum and securing the phosphoric acid in a state

more easily soluble and assimilable. He also recommended the alka-

line phosphates, such as those of soda and potash, as being excellent

fertilizing substances on account of their high solubility. He recog-

nized that the alkalies, namely, potash and soda, should be constitu-

ents of every rationally composed manure, since by them the original

fertile condition of the fields is preserved. He observed that the soil
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which contains alkalies in too small a quantity may be fertile for grain,

but not necessarily so for turnips or potatoes, which require a great

quantity of alkali. Sulphate of potash, common salt, and chlorid of

potash were regarded as valuable manures, and the latter was said to

be found in milk in large proportions.

Gypsum is recommended as a nourishment for leguminous plants.

In speaking of the salts of ammonia, Liebig says it is certain that the

azote, or nitrogen, of the plants is derived from the ammonia of the

atmosphere or from a manure which is provided in the shape of ani-

mal fluid and solid excrement, and, further, that nitrogenous bodies are

only useful in plant nutrition in proportion as they give up their

nitrogen in the form of ammonia. In regard to decaying vegetable

matters, he regarded them as useful only in so far as by their decay

they afforded carbonic acid, but says that they are not indispensa-

ble in manure. As before mentioned, Liebig rather inclined to the

extreme view in this case, denying to humus matters any proper place

in plant nutrition. He fortifies the observations made by citing analy-

ses of the ashes of some common crops, such as beans, peas, potatoes,

clover, and hay. He also deduces the conclusion from these analyses

that for stalks and leaves, manurial elements are required other than

for seeds. The stalks and leaves contain no alkaline phosphates, but

they require a rich supply of alkaline carbonates and sulphates. On
the other hand, the carbonates are entirely wanting in the seeds, but

the latter are very rich in phosphates. It is rather curious that Liebig

should have fallen into the error of supposing that the carbonates in

the ash existed in this state in the plants themselves; that he did not

know that the occurrence of carbonates in the ash of the leaves and
their nonoccurrence in the ash of the seeds are due solely to the pres-

ence of peculiar constituents of each, which permit a formation of car-

bonates on combustion in the ash of the leaves and prevent its forma-

tion in the ash of seeds on account of the excess of phosphoric acid,

which at a high temperature completely expels carbonic acid from com-

bination. In his letter to American farmers he calls particular atten-

tion to the fact that a manure which furnishes only one constituent

element of plant food may rapidly exhaust the soil of all the other

elements of fertility, and hence the necessity of supplying complete

fertilizers instead of partial ones where the fertility of the soil is to be

preserved or increased. He ascribes the fact that guanos have not

always met the expectation of those who have used them to the pres-

ence in (hem of ammonia and alkaline phosphates and the practical

absence of alkalies. He therefore urged particularly that fertilizers

containing large quantities of potash and soda be used in conjunction

with guanos in order to secure the best effects. In this letter Liebig

also calls attention to the loss of the soluble elements of manure
by lixiviation in the soil, and for this reason recommends that the

manure of the barnyards be preserved, either in pits from which the
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water can aol escape or in covered sheds, to prevent the exhaustion

of their soluble fertilizing ingredients. He says:

The reason why in certain years the influence of the best and most plentiful

manuring is scarcely perceptible is that during the moist and rainy springs and
summers the phosphates and other salts with alkaline bases, as also the soluble

ammoniacal salts, are entirely or partly removed. Art must find out the means
of rediicing the solubility of the manuring substances to a certain limit: in a word,

of bringing them into the same state in which they exist in a most fertile virgin

soil, and in which they can best be assimilated by plants.

Looking forward, too, with a prophetic eye, Liebig saw a great indus-

try which would grow out of his researches in the establishment of fac-

tories where artificial manures would be prepared for agricull nral uses.

He >ays at the close of his letter:

Manufactories of manure will be established iu which the farmer can obtain the

efficacious manure for all varieties of soils and plants. Then no artificial

manure will be sold win amount of efficacious elements is not known, and
this amount will be the scale for determining its value. Instead of the uncertainty

of mere empiricism, all the operations of agriculture will be carried on with cer-

tainty, and instead of awaiting the results of our labors with anxiety and doubt,

oor minds will be filled with p

In reading over this admirable letter, contributed by requesl of the

Commissioner of Patents to the American farmers by Professor Liebig,

we are struck with the fact that fifty-five years ago the farmers of

this country were provided with a creed for judging fertilizing mate-

rials which has undergone but little change as the result of all the

tes which have been made since that time. It is hardly i

expected that even Liebig at thai day would have correct ly appreciated

all the problems connected with fertilizing processes. The great

pi inciples, howe\ er, which underlie the application of artificial fertili-

zers were fully sel forth, and the publication of this information to

rican farmers is therefore justly considered an epoch in the rela-

tions of chemistry to agriculture in the United States.

Although the views of Liebig were first promulgated in 1840, and,

as indicated, were placed before the farmers of America as early as

•. we find that as late as 1848 grave doubts of their accuracy were

still entertained by those in charge of the Agricultural Division of

Patent Office. In the report for L848 there is a long article, begin-

ning on. page 195, in which the views of Liebig are vigorously com-

bated by references to authorities of his own country, chiefly von Thaer
and Schulze. Sir Humphry Davy is held up in this discussion as an

authority of greater value than Liebig. Considerable space is given

to showing that it is quite improbable that the air, however rapidly it

may move, can furnish enough carbon for the use of the plants; and
Professor Schleiden, in his criticism of Liebig's theory, says: '-Must

we here adopt the ignorance of physics, or a wholly thoughtless inser-

tion of it, as a cause of this monster of the wind theory?" It is con-

eluded from a very elaborate study of the various theories relating to
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the nutrition of plants that Liebig's theory is liable to some funda-

mental objections, and the question is raised whether the humus
theory, of which von Thaer was the chief apostle, supported, how-

ever, by the eminent authority of Professor Schulze, could be main-

tained against the objections which Liebig had urged to it. The Com-

missioner of Patents adds:

It may be thought by some we have devoted too much time and space to this

subject, but Liebig*s works have been so extensively diffused in this country and

in their charm of style and the enthusiasm with which the author entered into

his discussions, the boldness displayed" in his enunciation of his novelties, and

other concurrent causes, they have exerted so great an influence in various sec-

tions that these facts seemed to justify the attempt to present, in as condensed a

form as we could with any justice to the author, one of the ablest criticisms to

which his principles have been subjected. Having in former reports presented

the history of Liebig's views, we may claim the right of giving, too, the other side

of the question, and the more so since a right discrimination of the points is con-

tained in the foregoing synopsis of Professor Schuizes elaborate criticism.

It is evident, therefore, that even at this time, almost the middle of

the century, the view Avas still stoutly maintained by eminent men
that the organic matters of which plants are composed were derived

chiefly from the soil, and not from the atmosphere and water. Hence

it was, that with wonderful pertinacity the agricultural chemists clung

to the theory that the organic matters of plants were directly derived

from the decaying organic matters of the soil, and that therefore

humus was the chief element in the nourishment of plants. (Pis. IV
and V show portraits of some of the early and of the more recent

workers in agricultural chemistry mentioned in this paper.)

Relations of Chemistry to Agriculture at the Present Time.

methods by which results of chemical studies have been
made of practical use.

Among the methods which have been chiefly instrumental in bring-

ing the results of chemical research into practical use in agriculture

at the present time may be mentioned the following:

(1) The teaching of agriculture in schools, colleges, and universities,

and instruction given in farmers' meetings.

(2) The activity of agricultural colleges and experiment stations.

('>) Instruction in the relations of chemistry to agriculture given in

the agricultural press.

TEACHING OF AGRICULTURE IN SCHOOLS, COLLEGES, UNIVERSITIES, ETC.

It is rather difficult in discussing the first of these subjects to deter-

mine when the first instruction was given in schools, colleges, or

universities in regard to the relations of chemistry to agricultural

science. The first professorship evidently established for this pur-

pose was founded {it the University of Halle in 1727, when Frederick

William, King of Prussia, established a professorship of rural economy,
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in which the relations of chemistry to agriculture, as then under-

stood, were developed and taught. The order in which similar chairs

were established in other universities is hard to say, but in L800 it is

certain that other universities in Europe had followed the example of

that of Halle. 1

The importance of agricultural education was early recognized in

the United States, as is Been in the Agricultural Reports of the Patent

( >ffice. In the report for the year 1847 a special pica is made for the

establishment of agricultural education in the United states, as

follows:

Wo might remark on the application of chemistry, animal and vegetable physi-

ology, geology, and other sciences, with domestic economy, in reference to this

great question of progress and as elements not without their bearing on the devel-

opment of our agricultural resources. But these topics maybe better touched

upon in another part of this report, where we may treat of modes of cultivation

ding of animals, with kindred topics.

There is one particular, to >weve r, which seems t< i claim our notice. This is

culturi l> •'" ition; a new era seems, in this respect, to be opening upon us. It

may take years before we shall have our Hohenheims. Schliesheims, Tharands,

and Moeglins, as in < rermanyand Prussia, but a beginning is made by attempts to

establish such schools and colleges. There have been a number of the former set

in operation by private enterprise, and in several of our colleges professors have

b :en appointed who are well qualified to lecture on thes9 subjects. In the time-

b ir< d universities of Harvard and Yale, two gentlemen who have enjoyed

ample opportunities of pursuing their studies in Europe fill the chairs of the pro-

: ships. A man of experience also in science has recently been placed in this

department in one of the of Ohio. Much may be expected from the influ-

ence of these and similar positions in relation to this important subject; and here,

too, we may refer our readers to the account given of agricultural education as

well as of the agricultural convention at Breslau.by C. L. Fleischmann,esq. This

account, with other articles of deep interest to the agriculturist of the United

States, may be found in Appendix No. 1.

It is thus seen that more than half a century ago several agricul-

tural schools, [tare and simple, were established in Europe, and that

at Least two of the leading universities of this country, namely, Har-

vard and Yale, had established chairs of agricultural chemistry.

In the same report it is urged that traveling lecturers could dif-

fuse agricultural knowledge, and the custom of the farmers' clubs and

agricultural colleges of Great Britain in bringing together distin-

guished scientific men to give their views upon some topic selected as

the subject of discussion is mentioned with favor. It is stated that

the lectures of this kind indicate the principles of the application of

manures, and deal with many other questions in which a knowledge

of chemistry plays an important part.

In the article of Mr. Fleischmann, in the same report, on the agri-

cultural schools of Germany, an account is given of his visit to one of

the earliest and most famous of these schools, namely, that founded

1 Rural Socrates, p. 15.

1 A 99 15
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and conducted by von Thaer. In this school Dr. Trommer, a cele-

brated chemist of his time, was employed as a lecturer on chemistry

and physical philosophy with reference to their employment in agri-

cultural industry. On page 319 of the report it is stated that the

lectures of Dr. Trommer were especially devoted to agricultural chem-
istry, illustrated by experiments required for a clear insight of the

same, with constant regard to the use of these sciences in agriculture

and the business therewith connected, such as breweries and distil-

leries, sirup and sugar making from beets and potatoes, and other mat-

ters of a technical nature relating to agriculture. Besides this, the

student was given an opportunity of performing simple chemical

analyses under a superintendent. There was also taught the outline of

the physiology of plants, thus enabling the educated agriculturist to

penetrate deeper into the science and to secure a clearer insight into

vegetation.

Thus early it is seen that agricultural chemical technics, and the

principles upon which they are based, were made a principal part of

the instruction given in agricultural schools to the young man
engaged in acquiring a knowledge of agricultural science.

Space will not allow the tracing of the evolution of agricultural

education step by step, and so we must pass over the early history

and proceed to the consideration of the practical foundation of such
education in the United States.

The first endowment for teaching agriculture in the United States

was provided for Harvard University in 1837 by the will of Benjamin
Bussey, and for Yale in 1846, and the first instruction in agricultural

science from a chemical point of view was given at Yale in 1847.

Since that time chairs of agricultural chemistry have been regularly

established and maintained in these institutions.

ROLE OF CHEMISTRY IN THE AGRICULTURAL COLLEGES AND EXPERIMENT
STATIONS.

In a study of the impress which chemical research has made upon
agriculture, there has been no factor during the past twenty years

which can compare with the work of the agricultural experiment sta-

tions of the United States. Richly endowed as they are by the Gen-
eral Government, they have had every opportunity to secure the best

results for practical agriculture.

In this work chemical science has played a very important part in

the furthering of agricultural prosperity. Of the forty-nine directors

of the stations at the present time, twenty were professional chem-
ists at the time of their appointment. The selection of so many pro-

fessional chemists was no mere chance, but evidently had some
relation to the dominant position which the science of chemistry
held to the promotion of agricultural chemical research. The list of

directors of the agricultural experiment stations of Germany shows
the same condition of affairs.
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The great influence of chemistry mi the agricultural experiment

stations of this country is not measured alone by the number of pro-

fessional chemists wliieh is found in the direct orates, but also in a

comparison of this number to that of other scientific men holding

similar positions. Very few of the other sciences are represented

aatoog the directors of stations, and no one of them can compare in

its number of representatives to ilie science of chemistry. Among
the working forces of the stations chemists also predominate. There

are twice as many chemists employed in the stations as there are men
engaged in any other professional scientific work. Statistics show
that the number of chemists employed in the agricultural experiment

stations of the United States is one hundred and fifty-seven, while the

number of botanists is fifty and the number of entomologists forty-

two. Tin- number of employees belonging to other branches of science

is very much less than that of the botanists ami entomologists, and
the total numb* entific men employed in all other branches of

dine work in the stations do^s not greatly exceed, even if it be

equal to, the number of those employed in chemical research alone.

While dwelling upon the predominance of professional chemists in

the directorate and upon the stall' of the experiment stations it seems
eminently proper to mention here in a special manner some of the

earlier eminent chemists who have contributed so much to the value

of chemical research in our agricultural colleges and experiment sta-

tions. Among these must be mentioned Prof. F. H. Storer, of Bus-

sey Institute (Massachusetts), who first began tin- regular publication

of a bulletin recording the work of the school ami station, which has

''set the step to which the bulletins from many other stations are still

marching." The bulletins of the Bussey Institute describing original

research work on agricultural subjects have proved of the highest

benefit to agriculture. Professor Storer's work entitled "Chemistry
ime of its relations to agriculture," the first edition of which was

published in 1687, has had a marked effect upon agriculture in this

country.

As early as 1846 Vale University, then called Vale College, appointed

a professor of agricultural chemistry. This was John Pitkin Norton,

wiio had devoted himself to the study of scientific agriculture both in

this country and Europe, especially with the celebrated Liebig. He
brought to his position a ripe knowledge and wisely directed enthu-

siasm for agriculture, which he used with the greatest profit in its

service. In 1855 Samuel William Johnson was appointed instructor

in agricultural and analytical chemistry, and soon after full professor.

Perhaps no one ever succeeded more fully in popularizing scientific

agriculture than Professor Johnson. His two books, "How plants

feed"' and "How plants grow," the fust editions of which were pub-
lished in 1808 and 1870, respectively, have been kept abreast of mod-
ern progress in successive editions, and are still used as standard
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text-books and as authorities on the practical relations of chemistry

to agriculture.

In the University of California the work of Prof. E. W. Ililgard

must be mentioned as being of fundamental importance in the devel-

opment of the relation of chemistry to agriculture in this country.

Professor Ililgard in his classical work on soils has placed himself in

the front rank of investigators on this subject, not onty in this country

but in the world, and his achievements have been recognized both by
his countrymen and by the most celebrated societies of Europe. A
knowledge of the soil and its relations to plant growth constitutes one

of the fundamental principles of chemistry, and the researches of

Professor Ililgard in this line have done much to place agriculture in

the United States on a strictly scientific basis.

At Cornell, ^even before her doors were open to students, a profes-

sorship in agricultural chemistry was established. Prof. <4. C. Cald-

well was appointed to till this position, and he has done so with dis-

tinction to himself and the university, and with the greatest benefit

to agriculture. One of the most important services in connection

with Professor Caldwell's labors at Cornell has been the publication

of his work on agricultural chemical analysis in ISO!). At that time

.no work of a similar nature existed in the English language, and Pro-

fessor Caldwell's book was a veritable boon to students in agricultural

science.

This brief reference to the contributions of some of the earlier

workers in agricultural chemical science in this country would not be

complete without mention of the labors of Prof. C. A. Goessmann, of

the Massachusetts Agricultural College.

It is not possible in the space assigned to this paper to even name
the more prominent later workers.

A national epoch in agricultural education in this country began
with the passage of the Morrill Act, in 1862, establishing and endow-
ing colleges where agriculture should be one of the principal branches
in which instruction is given. An additional impetus was given to

this great work in 1887 by the passage of the Hatch Act, establishing

agricultural experiment stations in the several States. The organiza-

tion lists of the agricultural colleges and experiment statioiis of the

United States now show the great number of men working in the

lines of agricultural chemistry. This most remarkable evolution

of agricultural education has taken place practically within the last

thirty years, and there is no country which can now be compared with

the United States in the munificence of the endowment for agricul-

tural chemical research or in the vast amount of research and experi-

mental work conducted in these lines.
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DISSEMINATION OP THE PRINCIPLES OF AGRICULTURAL CHEMISTRY THROUGH THE
AGRICULTURAL PRESS.

One of the important channels through which the principles of

agricultural chemistry have been disseminated throughout the United

States has been the agricultural journals. In no other country has

the agricultural press obtained so firm a hold and exercised such an

authority as in this country. Early in the century agricultural

journals were established, many of which are still in existence. In

1845 i1 is stated in the agricultural report for that year that there were

twenty-six journals in the United States devoted exclusively to agri-

culture. Of these, eighl were weekly, sixteen monthly, one quarterly,

and one unclassified. Among those which are still in existence, and

which were mentioned at thai time, may be cited the Maine Farmer,

ih«' Boston Cultivator, the Massachusetts Ploughman, the American

Agriculturist, the American Farmer, the Indiana Farmer, the Prairie

Farmer, ami perhaps a few others. A list of the agricultural jour-

nals o!' tlm present time would show a wonderful increase in number.

In addition to the purely agricultural journals, a great many of the

newspapers <>f the country have agricultural departments which, at

least once a week, convey to the farmer important information in

regard to scientific agriculture. It is evident, therefore, that many
of the beneficial effects of chemical research relating to agriculture

have found their application through tin columns of the .journals

ment ioned.

PROMOTION OF s< [ENTIFIC AGRICULTURE BV THE ASSOCIATION OF
OFFICIAL AGRICULTURAL CHEMIS1 S.

Il is evident that one of the most important ways in which chemis-

try can promote the interests of agriculture is by furnishing reliable

and accurate means of studying soils, agricultural products, and
other bodies connected with the interests of farming. If researches

of this kind are not made in a uniform way, tiny can not be compared
among themselves, and if they are not made by accurate methods may
lead to erroneous results. The full benefit of chemical research,

therefore, on agricultural progress can only be secured when the

methods of investigation employed are uniform and accurate. The
condition of the methods of agricultural research in the United States

up to within twenty years was not satisfactory. With the exception

of the book by Professor Caldwell on "Agricultural chemical analysis,"

no distinctively American work had been done along these lines. To
Professor Caldwell, scientific agriculture owes a great debt for being tin 1

first in this country to attempt to systematize the methods of chemical

research as applied to agriculture. Nevertheless, this work had no
official authority, and chemists engaged in agricultural research could

use the methods described by Professor Caldwell or not, as they saw
fit. The first steps toward correcting this condition of affairs were
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taken by the department of agriculture of the State of Georgia. Mr.

H. J. Redding, now director of the experiment station of that State,

induced Hon. J. T. Henderson, commissioner of agriculture of Geor-

gia, to call a meeting of chemists interested in agricultural research,

which was held in Washington City, at the Department of Agriculture,

beginning July 28, 1880. This initial meeting, after making impor-

tant advances, adjourned to meet in connection with the American
Association for the Advancement of Science in August of the same
year. An organization was perfected at this time, and it was again

decided to meet with the American association in August, 1881, at

Cincinnati.

Methods of analysis were agreed upon at these meetings, which,

however, still lacked any official authority, as no permanent official

organization had been effected. After the Cincinnati meeting no

efforts were made to continue the meetings of the new organization,

and it was felt that the personnel of the meetings had been of such

a character as to render impracticable a harmonizing of the different

conflicting elements represented. No further attempts, therefore,

were made to coordinate the work of agricultural analysis until 1884,

when a meeting of chemists connected with official agricultural work
was held in May, at Atlanta, Ga. Here a strong organization was
effected, and the meeting adjourned to Philadelphia in September.

At the September meeting the organization of Official Agricultural

Chemists was completed, admitting to full membership in the society

all persons officially connected with agricultural research of a chem-
ical nature throughout the United States, and to limited membership
other chemists interested in agriculture having no official position.

The constitution of the association provided that all methods of

analysis which were adopted as official, and thus made binding upon
its members, should be acted upon only by the votes of those who
had official connection with chemical work, under government, either

national or State. Since September, 1884, the Association of Official

Agricultural Chemists has held annual meetings, mostly in Washing-
ton City, and, as a result, methods of research have been perfected and
adopted which are made binding upon the members, and which have
been recognized by the courts of the country as official in every

respect. These methods of research have become so perfect and so

effective that they have recognition in all countries, and the work
of the association is everywhere recognized as being of the highest

order and as having secured the greatest good. At the present

time the official methods of investigation include not only the study of

soils, of fertilizers, and of agricultural products, but special methods
have been adopted for the study of human and animal foods, of

dairy products, of different fertilizing elements, of manures and
fertilizers in general, of carbohydrates and nitrogenous bodies, of

tanning materials, and of insecticides.
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The association has in.t contented itself with the mere studyof ana-

lytical detail, but has instituted linesof research having for their object

the elucidation of unsolved problems in agriculture and the applica-

tion of the results to practical work. The direct practical benefit of

the work of this association has been found in the establishment of

efficient fertilizer control in nearly all of the States of the Union. By
means of this official control the farmers are protected in the charac-

ter of tic fertilizing materials which they buy. These materials are

inspected by the State authorities, and can only be sold when their

composition comes up to the standard set by these authorities. The
economical value of this control alone is only to be measured by mil-

lions of dollars. The association has published the results of its labors

in numerous bulletins under the patronage of the Secretary of Agri-

culture and issued from the Division of Chemistry. These bulletins

contain not only the proceedings of the association, with all the dis-

- ons relating to problems in practical agriculture, but also recom-

mendations as to methods of research to be followed by chem
throughout the country, whether having relation to agricultural

research or not. One of the most important of the works which has

been undertaken, and which is now partially completed, has been in

determining the standards of purity for food. The work of the Divi-

sion of Chemistry in respect to food adulteration is described further

on. In order, however, that a competent eontrolof food adulteration

may be exercised., it is accessary that the judicial authorities have

reliable standards to which reference can be made in legal proceed-

ings, ii is evident that such standards can only be secured by the

comparison of a vast amount of chemical data and an institution of

the most careful research. The Association of Official Agricultural

Chemists has taken up this subject in a systematic manner, and the

various problems relating to the standards of pure food are placed

in the hands of special committees, who have already accomplished a

.ureal part of the work which has been assigned to them. At the com-

pletion of the work it will be possible to present for the approval of

Congress, and of the various legislative bodies of the country, a sys-

tem of food standards, just and correct, based upon the widest knowl-

edge and the most careful research. With t lie aid of these standards the

enforcement of pure-food laws will be made easy and the punishment
of those who violate their provisions rendered certain. The proceed-

ings of the association and the methods of analysis and research

adopted by them are found in the bulletins issued from the Division

of Chemistry.

CHEMISTRY IX AGRICULTURAL REPORTS OF THE PATENT OFFICE, ETC.

NUTRITION".

The first work of agricultural chemistry was naturally to develop

the principles upon which plant nutrition is based. It was soon seen,
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however, that animal nutrition rests upon the same general princi-

ples, and that the same methods of research, with the necessary modi-

fications for the changed environment, are to he used in both cases.

Thus early the aid of chemistry was invoked in establishing the true

principles of animal feeding. But little was known of a positive

nature in this matterin the early parts of the century. Toward the mid-

dle of the century, however, considerable contributions had been made
by agricultural chemists to this subject. The Agricultural Reports

of the Patent Office in early years contained articles on this subject.

In the report for 1849 several pages are given to the discussion of the

nutritive value of foods. The comparative value of the whole flour of

wheat as compared with the fine flour is also given, and the contri-

butions of Peligot, the celebrated French physiological chemist, are

freely referred to. An interesting chapter is also contributed on the

nutritious properties of various other articles of food, and the chemi-

cal methods which were in vogue for determining the composition of

Wheat flour and of ascertaining its nutritive value are set forth in

some detail. The work of the Department of Agriculture in regard

to the principles of nutrition has been prosecuted with more or less

vigor by chemists connected with its service from the middle of the

century to the present time. In the agricultural experiment stations

also the principles of animal feeding have been fully developed by prac-

tical work. The general principles of animal nutrition were madeavail-

able for farmers' use at an early day by the publication of Armsby's

"Manual of cattle feeding," in the year 1880. Although this was
essentially a translation of a foreign work, yet in its publication

various improvements and additions were made by the author and
translator, which rendered the book far more valuable than the origi-

nal work. Among the later publications on the same subject may be

mentioned the work of Professor Henry, published in 1898. In addi-

tion to this, various bulletins from the Division of Chemistry and from

the Office of Experiment Stations of the Department of Agriculture

have been issued from time to time on the subject of nutrition and
on the composition and nutritive value of foods in general.

As the result of all these investigations the practical farmers of the

country have now at their command, and in forms which they can
fully understand, the great principles of animal nutrition. It is cer-

tain thai the actual cost of the food required for placing an animal
upon the market for meat or in preparing it for work has been very

much diminished. Even if no further progress were made in the

science of nutrition, the economic results which have been obtained

in this line would be a sufficient justification for all the expenditure

of money, time, and labor which has been incurred in the progress

of agricull ural chemist ry up to the present moment. While it is doubt •

less true i hat many great discoveries are yet to be made in the domain
of the science of nutrition, yet enough is now known to illustrate fully
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the circle of life beginning with the inorganic matters in the soil, in

the air, and in the water, passing through the organism of the plant,

and reaching the highesl form of organized matter in the living animal.

The investigations in nutrition have even gone further than this, and

show how the elements of food, both for plants and animals, after

having served their complete functions in one or the other of these

organisms, or in both, are preserved intact, to be returned to the

original condition of mineral substances in the soil, in the air. and in

the water, to begin anew the circle of life. The present era, there-

fore, finds established as definite scientific principles the prescienl

predictions of the greal Lavoisier concerning the methods of plant

and animal nut rit ion.

DANGER OF EXPORTING PLANT FOOD.

The work dime in tic Division, of Chemistry, as well as by agricul-

tural chemists in other parts of the country, has called attention to

t iio danger of an limited exportation of food products containing large

(plant ities of plant food. In fact, early in the history of the Depart-

ment of Agricult are attent ion was called to this matter. In the Agri-

cultural Report of tic Patent Office for 1849 mention is made of the

fact that prior to L846 Ireland was an exporter of large quantities of

(•••reals, sending abroad more of them than the whole of the United
States. Much of the grain sent from Ireland was oats. The exhaust-

ing effect of cropping a field to oats is known to all practical farmers,

and to this is attributed the fact of the subsequent failure of the crops

in Ireland and the urea; suffering due to the famines caused thereby.

An elaborate reporl on the subjeel of exporting plaid food was pre-

sented by the present chief of the Division of Chemistry in his address

before the American Association for the Advancement of Science in

the Buffalo meeting of 1886. In tins report the quantities of plant

food removed by the crops from the fields of the United States annu-

ally were set forth. The value of plant food lost at that time by ex-

portation of farm products was, by a careful computation, found lobe
over 133,000,000 per annum. Since that time the exportation of farm

products from this country has almost doubled, so that at the close of

the century it is safe to say that the value of the plant food, calculated

from a mannrial standpoint, lost by exportation from the United
Stales is not far from $70,000,000 per annum.
This subject was more fully developed in an address delivered before

the American Chemical Society on December 27, 1893, at the Boston
meeting. While it is true, as illustrated in these addresses, that the

quantities of plant food lost by exportation are less than by other

causes, nevertheless the danger of exhausting the fertility of fields

by the continual sale of agricultural crops is fully understood. Chem-
ical researches in the Department of Agriculture and in other parts

of the country have established this principle beyond peradventure,



234 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

and have taught the farmers of the United Slates that one of the

surest methods of retaining the fertility of their soil is to feed as much
as possible of the crops produced at home. The home feeding of

domesticated animals secures a large part of the value of the food

in the form of manure, and this tends to diminish the rate at which
otherwise the fertility of the fields would be exhausted. Chemistry

has shown that there are certain products of the fields, however, which

can be exported or sold with no loss in fertilizing materials. Among
these may be mentioned starch, sugar, cotton, and oils and fats of

every description. These bodies, contrary to the views held at the

beginning of the century, are now known to have no value whatever

as plant foods, and hence can be sold from the farm with impunity.

It is true that no system of farming can be devised which will abso-

lutely prevent the removal of certain quantities of plant foods in the

crops; but scientific agriculture, founded upon chemical investiga-

tions, will lead farmers to that course of practical economy which

will bring to a minimum the loss of fertility from this cause.

RESEARCHES ON DAIRY PRODUCTS.

The importance of the chemical composition of the dairy products

was early recognized in the chemical work of the Department of Agri-

culture, and the Agricultural Report of the Patent Office for 1849 con-

tains an article on the chemical properties of milk and butter. The
research work of the Department on these products has been continued

at intervals since that time, and important publications devoted to this

subject have been issued. The Division of Chemistry, since the estab-

lishment of the Bureau of Animal Industry, has cooperated with that

Bureau in the study of dairy products from a chemical and physio-

logical point of view, and this cooperation is still continued.

IMPROVEMENT OF WORN-OUT LANDS.

Special researches have been made in the Division of Chemistry of

the Department of Agriculture on the methods of improving worn-out

lands. Early in the history of the Department this study was recog-

nized as an important one, and an article is found in the Agricultural

Report of the Patent Office for 1S49 on the improvement of worn-out

lands by the use of peas and clover. At intervals since then this

subject has received the attention of chemical research, not only in

the Department but in other parts of the country. A bulletin on

tli<- subject of the reclamation of worn-out lands was issued in 1894,

a Large part of which was contributed from the Division of Chem-
istry. The researches which the agricultural chemists have made, in

collaboration with other scientific work of a botanical and mechan-

ical nature, point out the way Avhereby lands which have beea

deprived of the greater part of their fertility and otherwise exhausted

by culture may be restored to a high degree of fertility. In many
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parts of the United Stales are found abandoned fields and even farms,

since it has been found more profitable to search for new and fertile

soils than to develop and restore old and worn-out fields. At the

present time, however, the area of virgin fertile soils is practically

exhausted, and the attention of scientific agriculture is now directed

with more energy than ever to the restoration of the fertility of soils

long since abandoned. It is certain that in the near future the prac-

tical farmer, with the aid of chemical research, will effect the restora-

tion of the greater part of the agricultural lands of the United Stales,

which have heretofore been abandoned to briars and brush, to their

natural position as fertile and profitable fields.

CHEMISTRY IN THE DEPARTMENT OF AGRICULTURE.

Perhaps there is no oilier method in which the researches of chem-
istry have been made practical for agricultural purposes in a more
general way to the agriculture of the United States than through
the work of lip' Department of Agriculture. So long as the work of

the Departmenl was conducted in the Patent Office, chemical investi-

gations of agricultural subjects continued to be the chief scientific

inquiry.

ANALYSIS OF GRAINS AN1> OF FLOUR AND MEAL MANUFACTURED FROM THEM
1 < IB EXPI IRTATION.

The first appropriation in this country for purely scientific services

in agriculture was made at 1 lie iirsi session of I lie Thirl ielh Congress,

when $1,000 was given "for the institution of a system of analyses

of diiVereni grains produced in this count ry and of flour manufactured
here and exported abroad."

The important problems which it Mas soughl to solve in these

investigations were the effect of soil and climate upon the different

variei ies of grains and the effect of a sea voyage and storage upon the

Hour and meal manufactured from grains produced here and sent

abroad.

Prof. Lewis C. Beck, of Rutgers College, New Brunswick, X. J., an
experienced analytical chemist, was employed to conduct the chemical

work. The Commissioner of Patents made efforts to receive samples
of wheat, indian corn, and flour from the ports of the most distant

countries to which they had been exported. Professor Beck's report

is made an appendix to the Agricultural Report of the Patent Office

for the year 1848. Professor Beck, in introducing his report, enters

into an elaborate discussion of the economic relations of chemical
studies to agriculture. lie states that in 1847 breadstuffs worth
¥43,000,000 were exported from this country to Great Britain and
Ireland alone. He is of the opinion that the best method of deter-

mining the real value of wheat and other flours is to examine the

bread made from them, and calls attention to the fact that chemicals
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are used in some countries in the manufacture of bread in ordei to

conceal the defects of the flour from which it is made.

Iu Belgium and the north of France it is stated that sulphate of

copper has been introduced into the manufacture of bread, and that

the use of alum lias been practiced from a remote period. In addition

to these, the alkaline carbonates, the carbonate of magnesia, chalk,

pipeclay, and plaster of Paris have all been employed in the manu-
facture of bread from inferior or damaged flour in order to preserve

its moisture or to increase its weight and whiteness. Further adul-

terations of bread are stated to be with potato starch and flour of

leguminous plants, buckwheat, and rice, and citations are made to the

lii erature where the methods of discovering these adulterations can

be found. Professor Beck quotes largely from Boussingault's " Rural

Economy," Dumas's "Traite de Chimie Appliquee aux Arts," and

from Davy's "Agricultural Chemistry." The method of analysis

employed by him is fully set forth, and the data obtained from the

numerous analyses are given, showing the amount of water, gluten,

starch, and sugars contained in the various samples. In all, thirty-

three samples of (lour were analyzed, collected from different parts of

the country, and from distant ports to which Hour from this country

had been shipped.

It is thus seen that several of the most important lines of investiga-

tion which have subsequently-been followed in the chemical work of

the Department were marked out at this early period by Professor

Peck. He introduced the first systematic work in determining the

character of the cereals of the country, published methods of analysis

for the guidance of other chemists engaged in similar work, and began

the investigation of the great subject of food adulteration.

A similar work on indian corn was conducted by Dr. J. 11. Salis-

bury, of Albany, N. Y.,and the results of his analyses were published

in the report for 184!).

ESTABLISHJ1ENT OF DIVISION OF CHEMISTRY.

Iii 18G2 the Department of Agriculture was organized on an inde-

pendent basis. In the organic act establishing the Department it is

stated that the Commissioner of Agriculture shall "employ other per-

sons for such time as their services may be needed, including chem-
ists, botanists, entomologists, and other persons skilled in the natural

sciences pertaining to agriculture."

It is thus seen that chemistry was recognized, by its assignment in

the order of mention, as of the first importance in the scientific work
of promoting agriculture throughout the country. In accordance

with the authority vested in him by the organic act, Isaac Newton,
who was the first Commissioner of Agriculture, established the Divi-

sion of Chemistry by the appointment of Dr. C. M. Wetherill, a

distinguished chemist, as the first chief of Division. Dr. Wetherill
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was appointed Chemist on August 21, 1862, and served until some time

in 1863.

Commissioner Newton, confirming the statement made by Judge

Buell more than twenty years before, gave as the first of the scien-

tific objects of the Department "analysis, by means of a chemical

laboratory, <>f various soils, grains, fruits, plants, vegetables, and

manures, and publishing the results for the guidance and benefit of

agriculturists.*' 1 Of the work of the Chemist for the first year, llio

Commissioner said:

Fortunately the Chemist to the Department was in possession of an extensive

scientific librarj and apparatus, which he kindly placed at my disposal at the

commencement of my duties as Commissioner. The season had so far advanced,

however, that but few tests could be made. The Chemist has. nevertheless, ana-

lyzed seme twenty-two varieties of grapes, and is at present engaged in the exami-

nation of ten or twelve varieties of wines, also sorghum from e:ght or ten different

ities, in order to determine the relative value of sirup and its capabilities for

producing sugar and molasses, as compared with sugar cane. As soon as arrange-

ments now being made in the laboratory are completed, the Chemist will enter

into the analysis of the various grasses and grans of the United States, in order

to learn which will produce the greatest amount of fat, flesh, muscle, and bone;

also of soils, manures, and the constituents of plants, with especial reference to

restoring fertility to exhausted farms.

REPORTS of rui: CHEMISTS.

On January 1, is*':!, the first report of tin- Chemist of the Depart-

ment of Agriculture was submitted for publication. This, report is

interesting as the first one on a scientific subject ever made to the

Department by a person employed exclusively for the conduct of

scientific work. The Chemist's report covers the analysis of grape

juices, of sorghum and imphee, the examination of various sugars

and sirups, the analysis of beets, and an article on the chemistry of

sugar manufacture in general. Thus, at the very outset of the special

relations of chemical science to the Department of Agriculture, some
of the most important lines of investigation which have since been
followed were established. Chief among these may be mentioned the

study of the wine-making industry, both from the fermentative and
chemical points of view, and the beginning of that study in the

chemistry and technics of sugar manufacture, which has since done so

much to establish an indigenous sugar industry in the United States.

The Annual Report of the Commissioner for 1863 contains no report

from the Chemist of the Department.

The report of the Chemist for 1864 (Mr. Henry Erni 2
) relates to

organic or vinous fermentation, acetic fermentation, butyric-acid

fermentation, theories of the origin of mold, or fungi, methods of

detecting the artificial coloring matters in wines, the analysis of

wines, and the analysis of soils and guanos.

'Report of the Commissioner of Agriculture, 1882, p. 20, object 5.

''Appointed probably July 1, 1864.
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The report for 1805 was devoted to the analysis of soils, sugar beets,

sorghum and imphee, wines, and miscellaneous work of various

descriptions.

In 1866 Dr. Thomas Antisell 1 was appointed Chemist of the Depart-

ment. His first report was devoted to the analysis of soils and
manures, agricultural products, and mineral and metallurgical analy-

ses. Daring this year also the cooperative work between the Division

of Chemistry and other Departments was began. Dr. Antisell says,

on page 45 of the Annual Report :
" Besides the foregoing, the labora-

tory has been engaged with analyses for other Departments of the

public service."

Dr. Antisell, in his report for 1867, enters into an elaborate discus-

sion of the analysis of sugar beets and of the sugar-beet industry,

thus having laid the foundation for the extensive developments in the

investigations along this line, which have been carried on by the Divi-

sion of Chemistry for the past thirty years. In order to increase the

efficiency of the work of the Division, Dr. Antisell suggested that the

scope of its work should be enlarged so as to embrace the relations of

geology to agriculture and to include the study of metallurgy. He
suggested that geology had intimate relations to agriculture, and
advised the establishment of a geological and mineralogical labora-

tory and museum to illustrate the economical relations of geology to

the agriculture of the United States. He says: "Whatever relations

of soils to their parent rocks exist would thus be brought out in a

prominent and systematic manner." It will be observed from this

reference that the first official recommendation for the establishment

of a geological survey emanated from the Division of Chemistry of the

Department of Agriculture, as well as the suggestion of the study of

meteorology and other matters connected directly with agricultural

crops.

In 1808 the chemical laboratory was removed from the Patent Office

to the building of the Department of Agriculture, which had just

been completed. The report of the Chemist for that year contains a
reference to the newly discovered phosphatic deposits of South Caro-

lina, with remarks upon their value for agricultural purposes.

The report for 1809 contains an interesting article on the analysis

of soils. The Chemist also urges the establishment of an experi-

mental garden, where the problems involved in chemical research

could be studied actually in the field. This recommendation was a
reiteration of one previouslymade by him in the same direction. The
importance of practical experimental stations in connection with

chemical research is thus early in the history of the work of the Divi-

sion properly recognized.

The report of tin- Chemist for 1870 contains an interesting article

on the alkaline soils of the West, giving a complete study of their

1 Appointed probably July, 18G6.
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physical and chemical properties, especially an account of the deter-

mination of the soluble mailer in the surface. The iirst work which

had been undertaken on the composition of meat extracts is also dis-

cussed in the report, as well as the foods used by the Indians,

The work for 1*71 is described by the Commissioner in his report

for thai year as being memorable on account of the beginning of two

extensive investigations. One of these was the analysis of several

hundred specimens of cereals carefully selected from the entire pro-

duction of the country. The other was the examination of the leaf,

stem, and fruit of the grapevine daring every week of its growth.

The Commissioner says : "Bythiswork it isexpeeted that new analo-

gies in animal and vegetable physiology will be established and infor-

mation gained which bears directly upon th<' diseases of the vine."

Prom the earliest establishment of chemical researches in the

Department, a large part of the time of the Chemist and his assistants

had been taken up with analyses not at all relating to agriculture.

Chief among these were the gold and silver ores and the

study of samples for commercial purposes for private individuals

ami corporations. This perversion of the proper functions of (he

P i \ i > : «• 1 1 of Chemistry had been so pronounced as to warrant the

iniissioner to say in the report for 1871: "To enable the Chemist
to devote himself to those important subjects in agricultural science

which await and demand chemical research, I am strongly of the

opinion that the public privi ould be restricted to the employ-

ment of the laboratory for such purposes only as relate to agriculture."

In .Inly. 1
s 7 1 , Dr. Antisell resigned the position of Chemist, and on

January 11. 1*7 2, Dv. \l. T. Brown was appointed to the position.

The report of the Chemist for that year emphasized the importance of

sodium nitrate as a manure, and the value of the deposits in Peru,

Chile, and Bolivia for agricultural purposes is mentioned. Attention

is called to the fact that the soils of the blue-grass region of Kentucky
renew their stock of phosphatic materials by the decomposition of the

limestone rocks, and this observation has in later years been confirmed

by the researches of the agricultural experiment station of Kentucky,
which show that these soils are never deficient in phosphates, but only

in potash and nitrogen. The importance of bone and natural phos-

phates for fertilizing purposes is more fully brought out in this report

than in any previous contribution from the Department, and large

numbers of analyses of commercial fertilizers are given,

In 1*72 the report was devoted Largely to the analysis of commercial
fertilizers and sugar beets. An important contribution is also found
in this report on the utilization of the wastes of cities and towns for

agricultural purposes, a subject which has since received very careful

investigation in the Division of Chemistry.

In 1873 Dr. Drown resigned and was succeeded by Dr. William
MtAIurtrie, who held the position until January 2, 1878.
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Iii the first report of Dr. McMurtrie attention is again called to the

fact that the Department has been very much troubled with applica-

tions for analyses of minerals, ores, commercial products, etc., which
have little or no bearing upon agriculture or agricultural chemistry.

The work during the first year of Dr. McMurtrie's incumbency was
largely devoted to the analysis of wines, fertilizers, and soils. An
interesting resume of the knowledge at- that time relating to humus is

given, with references to the work of Grandeau on that subject.

Another interesting article in this report is a contribution on the

approximate composition of cereals, indian corn being the one selected

for study. The first investigation relating to tanning materials was
also reported at this time.

The Chemist's report for 1874 includes a report of an investigation

of the fodder plants of the South and a study of insecticides, especially

Paris green, in regard to their use in agriculture. Reference is also

made to the work of Dr. Goessmann, of the Massachusetts Agricultural

College, on the culture of the sugar beet. This was the beginning of

Dr. McMurtrie's investigations of tin' sugar-beet industry, which he

afterwards carried forward with such success and advantage to

American agriculture.

In the work of 1875 the first studies were commenced' in chemical

processes affecting agriculture by the actual growth of plants. A
series of valuable experiments was conducted in the application of

insecticides to growing plants. The effects of these insecticides were

carefully noted and photographs representing the plants treated were

secured and published. Similar experiments were made to show the

effects of illuminating gas upon vegetation. This was the beginning

of the realization of the recommendations made by Dr. Antisell for

the practical investigation ®f agricultural chemical problems upon

the plant itself.

The report for 1876 refers to the part taken by the Division in the

Centennial Exposition which was held during that year at Philadelphia.

The work for 1S77 is summarized in the report of the Chemist under

nine different heads, namely: (1) Analysis of lime marls; (2) exami-

nation of soils; (3) analysis of bat guano; (4) analysis of sugar from

Early Amber sorghum cane; (5) estimation of the amount of sugar

in various beets sent to the Department; (0) the examination aud

report of an experiment in beet culture made on Batsto farm, Atlantic

County, N. J.; (7) experiments to determine the presence or absence

of the so-called peptone-forming ferment in the roots of plants; (8)

investigation of American sumac; (9) investigation of the physical

and chemical causes tending to the production of mildew and rot.

The latter investigation is interesting from the fact that it, indicates

thai the first beginnings of studies of this kind were established in the

Division of Chemist ry.

Ai the beginning of L878 Dr. McMurtrie resigned to accept the
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position of representative of the Department at the international

exposition to be held at Paris during the year, and January 22, 1878,

Dr. Peter Collier was appointed Chemist in his stead.

The first report of I>r. Collier covers the beginning of the work con-

ducted by him on the production of sugar from indian-corn stalks and
from sorghum. "While, however, during this first year only 8 samples

of these sugar-producing plants were examined, 57 sugar beets were

analyzed. A joint report of the Botanist and Chemist on grasses and
forage plants, issued January, 1884, is interesting as showing, in an
ideal way, the methods in which the different scientific Divisions of

the Department may collaborate in advancing the interests of agricul-

ture. Dr. Collier held the office of Chemist until April 9, L883. Dur-

ing this time a large part of the activity of the Division of Chemistry
was devoted to the study of sorghum as a sugar-producing plant, and
the most extensive series of analyses ever instituted up to that time

for agricull ural purposes was conducted under his direct ion.

The reports prepared by Dr. Collier on this matter and appear-

ing in the several annual reports deal with every phase of the subject,

chemical, agricultural, and technical. The high price of sugar at this

time excited the interest of investors in the subject of the practical

manufacture of sugar from sorghum, and a large amount of capital

was placed in this business. Unfortunately for the sorghum indus-

try, the rapid development of the beet-sugar industry in Europe
brought into competition with sorghum a sugar-producing plant

which, under the impel us of careful chemical study and technology,

rapidly produced a surplus of sugar in the markets of the world,

causing an unprecedented fall in price. The difficulties attending

the manufacture of sugar from sorghum, due to the chemical composi-

tion of the plant, were not solved with sufficient rapidity to enable

sorghum to remain as a competitor for supplying the sugar markets
of the world. As a result of this combination of economic, chemical,

ami technical causes, the production of sugar from sorghum never
became profitable: While, as stated, the study of the sugar problem

was the main work of the Division of Chemistry during the incum-

bency of Dr. Collier, other matters, relating to agricultural industries

were not neglected. The study of soils and fertilizers was continued

without intermission, and the foundation was laid for the systematic

study of cereals, which afterwards became so important a part of the

work of the Division.

The portraits of the deceased chiefs of the Division of Chemistry
are given in PI. V.

1 A 99 16
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LINES OF WORK IN THE DIVISION OF CHEMISTRY SINCE 1S83.

Since April, 1883, the work of the Division of Chemistry in its rela-

tion to the progress of agriculture has been directed chiefly along the

following lines:

Study of sorghum.

The study of sorghum as a sugar-producing crop was continued

with the special object of overcoming, if possible, the difficulties which

had stood in the way of a successful industry. At first the work was

more of a chemical and technical nature, looking to the establishment

of methods to secure more economical working and larger yields. To
this end, the diffusion process of extracting the sugar from the canes,

which had been so successfully used with beets in Europe, was applied

to sorghum with such modifications as the different nature of the

material required. An increase in the amount of sugar extracted

from the canes was easily obtained, but the greatest difficulty in the

way of successful sugar making still remained, namely, the chemical

composition of the extracted juices. It was found that the juices

extracted from sorghum canes contain large quantities of starch,

gummy matters, and uncrystallizable sugars. These existed in such

large proportions as to render the separation of the sucrose in large

quantities practical^7 impossible. Various chemical methods of

removing these impurities were devised and applied. Among them,

the two which promised most success were the process of saturation

with lime, or carbonatation, as practiced with beet juices, and the

removal of the starchy and gummy matters by precipitation with

alcohol. The former method, after a thorough trial, was abandoned as

impracticable. The latter method resulted in a complete success,

yielding with canes of average composition 200 pounds of sugar per

ton. The fiscal regulations covering the production and use of

alcohol in this country, however, were of such a nature as to render

the use of this reagent impracticable from an economical point of

view without some change in the excise laws of the country.

Meanwhile other investigations were carried on with great suc-

cess; among them the process of developing a variety or varieties

of sorghum in which the objectionable qualities would be reduced to

a minimum and the percentage of sugar raised to a maximum. This

desirable end was accomplished by a series of culture experiments

in cooperation with Mr. A. A. Denton extending over eight years, in

which, by a process of selection, both from the point of chemical

composition and from physical qualities, several varieties of sorghum
were developed, which were far superior to any which had before been
known. It was established by the researches of the Division that

fields of sorghum could be grown having an average sugar content of

II per cent and with a much higher purity than characterized the

parent canes from which the varieties were derived.
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In spile of all the progress made, however, it was found that the

increasing competition of sugar derived from the sugar beet luul de-

creased the price of sugar in the world's markets, until it would not

lie profitable to manufacture sugar from sorghum, even under the

more favorable circumstances which obtained. But the final results

of these investigations were nut without their practical value, as the

utility of sorghum as a source of table sirups and as a cattle food was
fully developed and established. It was also shown that in the semi-

arid regions of the country, where the practice of irrigation was not

possible, there is no crop which is so certain to bring a remunerative

yield as sorghum when cultivated in the proper manner.

"Idle final result of the work conducted by the Division over a period

of more than twenty years on sorghum as a field crop has established

its status as one of the most remunerative plants when cultivated in

certain areas of the country. In fact there is scarcely any part of the

United States where sorghum is not cultivated, and even in Minnesota
the finest table sirups which are found upon the market in that region

are made from one of the early varieties of sorghum cane which grows
to maturity in the short summer seasons of that State.

Study of cereals.

Another line of investigation which has been carried en extensively

during the past seventeen years has been a study of the composition

of the cereals of the United Slates. This work, it is true, ;l s has been

Stated, is only a continuation of the very firsl scientific work author-

ized by the Government when the Department was still a section of

the Patent < M'lice. The opportunities, however, for the use of more
accurate means of analysis and to secure samples grown under differ-

ent conditions, from more widely separated areas, have made the con-

tinuation of this study one of the most profitable for the advancement
of agriculture. The bulletins which have been issued on this subject

embody the results of many thousands of analyses, and show with

greater fullness and accuracy than any other publications which have
been issued the variation of cereal products under different conditions

of soil and climate. The successful work of improving a plant by
selection and taking advantage of natural variations, as illustrated

in the case of sorghum, has now been applied to the study of cereals.

The causes which produce variations are under investigation, and also

the methods for improving the composition of cereals with reference

to certain of their more valuable constituent parts. For instance, the

percentage of gluten in Avheat is of the utmost importance to the

bread maker, since it is this body which gives to wheat flour the phys-

ical characteristics that render it more valuable than that from other

cereals for bread-making purposes. Under the varying conditions of

soil and climate in this country it is found that the content of gluten

in wheat changes. The utmost practical advantage, therefore, will
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come to the wheat grower from a practical study of this cause and
suggestions of the best methods of preserving or increasing the con-

tent of gluten in wheat.

The broad principle has been established that, other tilings being

equal, wheats from a high northern latitude contain more gluten than
those grown farther south and the wheats that are sown in the spring

a larger quantity of gluten than those which are planted in the

autumn. It is believed, however, that a careful chemical study of

this subject in connection with the proper study of meteorological

conditions will enable wheat growers to largely increase the content

of gluten in the autumn-grown and southern wheats.

Study offood adulteration.

The practice of adulterating human foods, which has been so largely

prevalent in all parts of the world, has proved of incalculable injury

t) honest agriculture. The value of scientific farming in its ultimate

measure is determined by the benefit which accrues therefrom. If

the returns from scientific farming prove to be less than those from
unscientific methods, the latter will certainly prevail. The markets

for farm products must therefore be preserved with as much care as

the fertility of the fields. The sole object of food adulteration is to

enable the unscrupulous manufacturer or dealer to sell an inferior

article at the price of a superior. Food adulteration, therefore, which
totally changes the aspect of the food of an inferior kind so that it

does not at all resemble the superior kind would defeat, its own pur-

pose. Every pound of adulterated food which is sold upon the market
at the price of the genuine article or at a price approximating thereto

is a positive injury to agriculture, since it excludes from the market
an equal quantity of farm products of a genuine character. Thus,

the practice of food adulteration directly diminishes the profits of the

honest farmer and dealer.

Much of the activity of the Division of Chemistry during the past

seventeen years has been directed to a study of the methods and
character of food adulteration with a view to devising proper legal

restrictions for its prevention. To this end a largo part of the scien-

tific corps of the Division has been assigned to a systematic study of

the adulteration of foods, and the results of these studies have been
published in numerous bulletins relating to that subject. The object

of these studies is to finally cover the whole range of food production,

and this lias already been largely accomplished.

As an illustration of the way in which adulterated foods may injure

the fanner's profession may be cited the sale of oleomargarine for but-

ter and glucose for honey. The food value of oleomargarine and of

glucose is not denied. They are, however, very much cheaper prod-

ucts than butter and honey. These adulterated foods, unfortunately,

are often not offered for sale under their own names, except by legal
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compulsion, but arc placed upon the market under the names of the

genuine articles which they are manufactured to imitate. Buyers,

therefore, pay, as a rule, prices which would be asked for the pure

articles. The market for the pure articles is diminished just to the

extent to which these other substances are sold, and in this way posi-

tive injury to great agricultural interests is done. The chemists of

many of the agricultural experiment stations throughout the country

have collaborated with the Division of Chemistry in these studies, so

that the whole subject of food adulteration is pretty thoroughly

understood and its extent acknowledged. Many of the legislatures

of the States have already enacted restrictive measures regulating the

sale of adulterated foods, and bills have been before the Congress of

the United States having the same object in view. The work in

which the Division of Chemistry was a pioneer lias commended itself

to the people at Large, and through the press and before farmers'

institutes full descriptions of the methods and character of adultera-

tion have been disseminated among the people. Public opinion has

been so aroused on this subjecl as to demand of the National Legis-

lature the enactment of laws regulating commerce in adulterated

foods in the Territories of the United States and between the several

States thereof. The work of the Division has therefore already

secured great benefits to agriculture in the way of preserving an
honest market for the products of the farm, and made it possible for

these benefits to be greatly increased by favorable national legislation

on the subject.
( 'omparative studu s of soils.

For the past seventeen years the Division of Chemistry has con-

tinued its researches in the study of the soils of the United States.

Before the organization of the Association of Official Agricultural

Chemists, and for the benefit of agricultural chemists throughout

the country, a bulletin was prepared giving the results of soil

studies and a summary of the best methods known at the time

for conducting them. In order to study comparatively typical soils

special authorization was obtained from Congress for the estab-

lishment of a vegetation house in which soils from different parts

of the country and even from foreign countries could be studied

under similar conditions in respect of their powers of producing

organic matter and in their relations to nitrifying organisms. In no
other way can the relations of different soils from the point of view of

their chemical and physical composition in producing crops be so

definitely determined. A knowledge of the soil is the fundamental
structure on which agricultural chemistry is built. While in all parts

of the world numerous experiments have been carried on to determine

the relative value of fertilizing principles on plant growth, it is

believed that the comparative determination of native soil fertility

under standard meteorological conditions has first been studied in
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this Division. The great problem of human nutrition is to find its

only solution in the maintenance or increase of soil fertility, and

henee every study of this kind which tends to give additional knowl-

edge regarding the cause of fertility and the means whereby it can be

maintained, is of the highest economic importance. The complete

triumph of agricultural chemistry will be realized when with increased

crops shall be found increased soil fertility.

The system of agriculture which has so largely prevailed in this coun-

try of exhausting the fertility of one field and then moving the farm

to another has come to an end. Scientific agriculture now retraces

its steps and restores the fertility of the abandoned fields while it

prevents the exhaustion of those which are still productive. Agricul-

turalchemistry in its fullest development will only ask of nature to fur-

nish meteorological conditions and a place on which to plant the crops.

Even these will be modified and changed to suit the demands of the

agriculture of the future, for it is certain that by the proper manipu-
lation of the soil and the addition of proper chemical fertilizers the

capacity for retaining moisture for use in seasons of drought or for

disposition of excessive moisture in seasons of rains will be greatly

increased. With a wise disposition of the water at his command, the

scientific farmer of the future will cultivate millions of acres which
are now regarded as hopelessly arid, and recover from the excess of

water other large areas now abandoned to swamps and marshes. In

these scientific studies of soil composition and soil possibilities with

relation to the composition of plants and to increased fertility will be

found in the future, as has been the case in the past, some of the most
notable triumphs of agricultural chemistry.

In connection with these soil studies, there has also been made a

systematic study of the nitrifying organisms through whose agency
organic and atmospheric nitrogen become available for plant food. A
practically new S3rstem of soil analysis has been inaugurated by which

it is possible to determine both the number and activity of the nitri-

fying organisms contained in a sample of soil. These researches are

of the greatest practical benefit in agriculture, since they show how
the number and activity of nitrifying organisms can be increased, and
thus the availability of the nitrogenous food of plants be enhanced.
An outline of the relations of these studies to practical agriculture

has been prepared for this paper by the first assistant of the Divi-

sion of Chemistry, Mr. E. E. Ewell.

RELATION OF MICROORGANISMS TO NITROGEN NUTRITION OF
CULTIVATED PLANTS.

EARLY STUDIES OK MICROORGANISMS AND NITROGENOUS PLANT FOOD.

The development of the prevailing opinions relative to the role of

the microorganisms in the preparation of the nitrogenous food of our
cultivated plants is a long story. Indeed, its beginning may be
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traced back to the closing years of the eighteenth century (1770 to

}, during which period the labors of Black, Seheele, Priestley,

Lavoisier, Cavendish, Watt, Ingenhousz, Senebier, and Woodhouse
established the chemical nature of the constituent gases of the atmos-

pher<—nitrogen, oxygen, carbon dioxid, and water vapor—and began
the study of the relation of these substances to vegetable growth.

Early in the present century De Saussure materially advanced the

knowledge of the processes by which the carbon dioxid and the water

of the atmosphere and of the soil arc converted into vegetable tissue,

and expressed tie- opinion that the nitrogen therein contained was
obtained from the compounds of that element found in the soil and
in the air; bat the relation of atmospheric nitrogen to vegetation

remained obscure until within two decades of the century's close.

Boussingaull devoted a considerable part of twenty years (1837-1858
|

to the study of this question. His experiments seemed to showconclu-

y that plants are unable to use the free, uncombined nitrogen of

tlm air for 1 he const ruction of the nitrogenous bodies which form parts

of their tissues, ami that their nitrogenous food is exclusively drawn
from nitrogen compounds contained in the soil.

The experiments of Yille (1849-1854) led to precisely the opposite

ilnsion. in L854, appreciating the importance of the subject, the

Lemy ofS of France appointe 1 a commission, consisting of

Dumas, Regnault, Payen, Decaisne, Peligot, and Chevreul, to observe

and report upon a repetition of these experiments to be conducted by

Yille, with the assistance of Cloez, in the Museum d'Histoire Natu-
relle. In L855 Chevreul reported on behalf of the commission "'that

the experiment made at tin- Museum d'Histoire Naturelle by 31. Yille

is consistent with the conclusions which he lias drawn from his pre-

vious labors."

Messrs. Lawes and Gilbert, at their now famous experimental farm
a'. B England, have devoted much time to this question

since 1857. Their earlier experiments (1857—1860) were negative for

both leguminous and nonleguminous plants, thus contradicting the

resu le and confirming those of Boussingault.

Two of lioussingauli's experiments, made 1858-59, seemed to indi-

cate that five nitrogen had been brought into combination either by
some lupine plants or by the rich garden soil in which they were

growing. He did not accept these results as evidence of the assimila-

tion of nitrogen by plants, however, as is indicated by the following

from his letter to Gilbert, dated May in, 1876:

As for the alworprion of the gaseous nitrogen of the air by arable soil, I know
of not one single irreproachable observation that establishes it. Not only does

the soil not absorb gaseous nitrogen, but it emits it, as you and Mr. Lawes have
observed, as Reiset has found m the case of manure, and as Schloesing and I have
noted in our researches on nitrification. If there is a perfectly demonstrated fact

in physiology, it is that of the nonassimilation of free nitrogen by vegetation,

an 1 I may add by the lower jdants, such as the mycoderms and fungi.
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Manyother investigators devoted much time to this question between
the yours 1850 and 1S3G: Cloez and Gratiolet, 1850-1855; Mene, 1851;

Petzholdt, 1852-53; Wolff, 1853-1886; Hasting, 1855; de Luca, 1856;

Deherain, 1875-1885; Berthelot, 1876-1886; Atwater, 1883-84; Dietzel,

1884; Joulie, 1885; Frank, 1886.

This long series of expariments, covering more than half a century

of time, were contradictory, one of another, erroneous in conception

in some cases, and erroneous in manipulation in others, while the

conclusions drawn from them were correspondingly inaccurate and
incomplete. The most fruitful source of wrong conclusions was,

however, to be found in the fact that in the zeal of many of the

workers to deprive their experimental soils of compounds of nitrogen

the}7 so treated them as to destroy what we now know to be the potent

factor in the assimilation of free nitrogen by plants—the microorgan-

isms which form the nodules upon the roots of leguminous plants and
thereby enable the plants of that order to indirectly draw upon the

atmospheric store of uncombined nitrogen. Attention had frequently

been drawn to these peculiar nodular structures on the roots of clover,

lupines, beans, etc., notably, by Lachmann in 1858, by Berkeley in

1863, and by Rautenberg and Kuehn in 1864. Indeed, it was sug-

gested by some of these writers that possibly the nodules were con-

nected in some way with the taking in of nitrogen by the plants. It

came to be a well-established fact that there was a something that

distinguished the manner of the nitrogen nutrition of leguminous

plants from that of other plants. They were found to contain more
nitrogen than it seemed possible for them to obtain from the combined
nitrogen of the soil and the atmosphere in which they grew.

WORK OF BACTERIA IN THE SOIL IN SUPPLYING NITROGENOUS FOOD FOR
LEGUMINOUS PLANTS.

At the Berlin meeting of the agricultural section of the Naturfor-

seher-Versammlung, September, 1886, the late Professor Hellriegel

read a paper disclosing results which have revolutionized our ideas

relative to the nitrogen nutrition of plants, and which show the mis-

takes and the blindly groping nature of the experiments enumerated
above. This paper throws a flood of light upon the path to be fol-

lowed by practical agriculturists in the future. In short, Professor

Hellriegel proved by evidence which has been accepted by the entire

scientific world that the root nodules of leguminous plants are caused

and inhabited by a species of bacteria; that these bacteria, by their

symbiosis, enable the plants to indirectly feed upon the practically

unlimited and costless store of free nitrogen, which forms eight-tenths

of the earth's atmosphere. True, clover and other leguminous plants

had previously been valued as soil renovators, but we arc now able

to use them with an understanding and a confidence hitherto impossi-

ble; with the hope that by their use as green manure, as food for
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farm animals, and as a .source of merchantable produce, we may main-

tain the fertility of our fields, in so far as the element nitrogen is

concerned, without the costly use of artificial nitrogenous manure,
the nitrogen compounds of which will thereby be preserved for other

industrial needs.

There is still some investigation needed to determine the most cer-

tain an<l economical methods of insuring an abundant supply of the

nodule bacteria in soils on which leguminous crops are to be grown.

Nobbe and Hiltnerhave secured patents for the manufacture and the

use of pure cultures of several varieties of nodule organisms. These
cultures are prepared on a commercial scale in Germany and placed

on the market under the name of " N it ragin, a germ fertilizer for

leguminous crops.*' The value of these preparations has been inves-

tigated by the experiment stations of Europe and of this country, but
the results thus far obtained are conflicting.

WORK "!' BACTERIA IN SUPPLYING NITROGENOUS FOOD FOR PLANTS IN GENERAL.

We have to this poinl only mentioned the microorganisms that par-

ticipate in one method of nutrition of the leguminous plants. We
have yel to consider those microorganisms which are aetive in the

preparation of the nitrogen compounds on which plants in general

U-^<\, including leguminous plants growing without the assistance of

the nodule bacteria. It now appears well established that combined

nitrogen, chiefly in the form of nitrates, is practically the sole

nitrogenous food of agricultural plants in general.

It is to be noted, however, that a method for enabling nonnitroge-

limis plants to draw their supply of nitrogen from the atmosphere has

been brought to the attention of agricultural scientists during the

last decade. The cultures of the organism for which this property is

claim, d are manufactured in Germany and sold under the name of

"Alinit." The experiments which have hitherto been made with

"Alinit" as an agent for soil inoculation have not confirmed the

claims of Caron, tin- German agriculturist, who discovered the Bacil-

lus ellenbachensis at, the organism contained in "Alinit," and the

interesting properties with which he credits it. There is. however,

some experimental evidence, obtained in the laboratory, which is

more fa\ orable to it.

Since we must furnish our agricultural plants in general with an
abundant supply of nitrogenous plant food, chiefly in the form of

nitrates, there is no more important question in agricultural science

than that of the manner in which this is to be done with certainty

and with the greatest economy. Although the judicious introduction

of leguminous plaids into our systems of crop rotation and stock

feeding may make the farmer independent of the dealer in commer-
cial nitrogenous manures, it is still necessary to study with earn-

estness the methods by which the supply of crude nitrogenous
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compounds contained in barnyard manures and in crop residues are

to be transformed into nitrates speedily and with the least possible

loss.

It has long been a common experience that straw, manures, etc.,

when incorporated with arable soil, are found to have disappeared
after some weeks or months, and that crops planted on the soil so

treated grow more luxuriantly than upon adjoining unmanured land.

The agencies by which organic matter is thus destroyed and changed
into plant food were not at all understood at the beginning of the

present century. Some of the most important facts remained unknown
until the eighth decade, and even now there are many points requiring

further elucidation.

The first six decades of the century were spent in experiments and
disputations which served to determine the relations of microorgan-

isms to the phenomena of fermentation and putrefaction, and to set-

tle in the negative the much controverted question in regard to the

spontaneous generation of those organisms. In this connection, we
must recall the namesof several persons prominent in the controversy,

or in the events which led up to it: The Hollander Antoon van Leu-

wenhoek, "the father of micrography," who lived from 1632 to 1723,

was the first to observe minute organisms in fermenting and putres-

cent liquids by means of the microscope; Needhanv, 1754, and Spal-

lanzani, about 1 700-1770, who were champions pro and con, respect-

ively, of the theory of spontaneous generation; Sehultze, 1836, who
first asserted that the phenomena of putrefaction and fermenta-

tion are induced by the microorganisms ever present in the air and
not by spontaneously created organisms; Schwann, 1839, founder of

the science of antiseptics, who was another opponent of the theory of

spontaneous generation; Liebig, who asserted in 1839 and for many
years after that fermentation and putrefaction are not biological phe-

nomena; Schroder and Dusch, 1853, who were inventors of t lie use of

cotton wool for freeing a stream of air from microorganisms; Pasteur,

who, beginning the study of the question in response to a prize offered

in 1800 by the Paris Academy of Science, demonstrated that any sub-

stance whatever majT be freed from the germs of putrefaction by a
suitably prolonged heating at a sufficiently high temperature, and
that the substances so sterilized will maintain that condition indefi-

nitely if the access of organisms from the air is prevented.

This forms the starting point from which has been developed, by a
host of workers, our knowledge of the organisms of putrefaction and
decay, the changes which they work in the media in which they grow,

and the conditions which favor or hinder their growth. It was early

discovered that a great number of species of organisms is engaged in

the destruction of organic matter in soils and other substances, and
that the final products of the process are carbon dioxid, water, and
ammonia, with some free nitrogen, and hydrogen in some cases.
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Ti was a well-known fact, however, that ammonia does not accumu-
la1 in arable soils in any such quantities as do nitrates, especially

under eondil ious highly favorable for the phenomenon of nitrification,

the artificial and natural nitrate beds, which were under obser-

vation in various parts of the world.

The next point of contention was very naturally the nature of the

by which the nitrogen of ammonia is converted into the form
of nitrates under natural conditions. Although Miiller, in 187:3, and
Pasteur, as early as 1862, had suggesti 1 the possibility of its being a

biological phenomenon or species of fermentation, the change was
generally regarded as a purely chemical one, probably wrought by the

highly condensed oxygen supposed to exist in the interstices of the

soil and of other porous substances. This doctrine was overthrown

by Hi-' experiments of Schloesing and Miintz (1876), which showed
that nitrification is interrupted by the action of antiseptics (chloro- «

form), and thai the process can be started again by inoculating the

medium with a small amount of fresh soil. These experiments were

soon reputed .oid extended by tic discoverers and by Warington,

Soyka, and others. An additional proof of the fermentative nature

Of t he process of nil rilieal ion was found in the fart I hat il was stopped

by heat when applied in the manner in which it is usually employed
for sterilization. During the next thirteen years (1878-1890) many
workers took up the si udy of the nitrifying organisms, and much val-

uable knowledge relative to their properties was obtained, but the

numerous attempts to satisfactorily isolate them and study them
apart from the host of other soil organisms were fruitless. Again, an
unknown factor rendered futile the efforts of some of our best experi-

menters, as had been the case in the investigation of the question of

the fixation of free nitrogen by agricultural plaids, mentioned above.

The valuable method of gelatin-plate cultivation invented by Koch
for the isolation of bacteria, was found to be inapplicable. Indeed,

numerous failures led frank, as late as 1887, to assert that there

could be no organism of nitrification, since no organism separated

from the soil was found to possess that property, in spite of the fact

that numbers of experimenters had transferred the nitrifying agent
from cull are to culture, in liquid media, by the usual method of inocu-

lation. It gradually became apparent that the organic matter habit-

ually used in the media employed in plate cultivations was unfavorable

to the growth of the nitrifying organisms. Indeed, by repeatedly

reducing the proportion of organic matter used in the preparation of

liquid media, in which nitrification proceeded satisfactorily, a medium
was finally tried which contained no added carbon other than that of

the alkaline or earthy carbonates which had been found necessary to

neutralize the acid formed by the process, and of which an excess had
been found to be detrimental. In this medium the process proceeded

with the vigor normal for the liquid media hitherto found most
favorable.
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Hero then was the key to the situation. The organisms of nitrifica-

tion do not thrive in the presence of an excess of organic matter. In

1890 a now investigator entered the field, a young Russian named
Winogradsky. His first triumph was in a satisfactory isolation of the

nitric organism;-; by means of culture plates composed of gelatinized

silica, impregnated with nutritive salts and carbonates, but made with-

out any added organic matter whatever. His work upon the subject

was temporarily interrupted, but it is now in progress with one or

more collaborators.

In addition to the above, there must be mentioned to complete this

very brief sketch of the history of the development of the knowl-

edge of the phenomenon of nitrification and of the organisms to which

it is due, the work of Warington, Frankland, Jordan and Richards,

Godlewski, Burri, Stutzer, Hartleb, Lawes and Gilbert, Deherain, and

others. The results of their joint labors teach us that in order that

nitrification may be active in our fields the soil must be well aerated

by stirring or by improving its mechanical condition; that a proper

degree of moisture must be maintained, and that excessive acidity

must be prevented or destroyed by liming. Indeed, this fact explains

much of the beneficial action that is known to attend the application

of lime to arable land, and strongly argues in favor of a judicious

ex tension of such use. The work of the Division of Chemistry has

shown that the nitrifying organisms from soils from all parts of the

country are uniformly highly susceptible to the inimical action of an

excess of acids in the medium in which they grow.

INJURIOUS SOIL BACTERIA.

We have still to consider a class of soil organisms which are able

under certain conditions to destroy a considerable part of the bene-

ficial work of the organisms mentioned above by decomposing the

nitrates contained in the soil and returning the nitrogen in them to

the atmosphere in the form of free nitrogen. These organisms are

normally present in soils and manures and upon crop residues, but

only seem to exert their destructive powers in the presence of such an

excess of organic matter and under such definite conditions of aera-

tion as seldom obtain in well-tilled soil of good quality and location.

Some alarm was occasioned a few years ago by the announcement by

German investigators that all stable manures should be sterilized before

applying them to the soil, in order to destroy these denitrifying organ-

isms, but this was not supported by subsequent investigation, nor is

it generally regarded as good counsel, as the decomposition of the

manure is delayed by such a practice.

CARE OF MICROORGANISMS AS NECESSARY AS CARE OF CROrS.

From the above statements the conclusion follows that the farmer

must- care for the microscopic organisms growing in his soil, manure
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pits, and compost heaps, as well as give unceasing attention to the

crops which make their appeals directly to his unaided eye It may
bo well to add, however, that the best interpretation of t lie experience

hitherto gained is that the farmer should seek to make his soils

a highly favorable home for the organisms he wishes to thrive there,

rather than attempt to transplant them by "soil inoculation." The
rapidity with which most organisms multiply and their extremely

wide distribution show that they are sure to follow their favorite food

and other conditions of growth sooner or later. It may of course be
true in many cases that time will be saved by inoculating the soil di-

sced with the organism desired.

The same principle should govern endeavors to eliminate organisms
which are found to be unfavorable.

AGRICULTURAL CHEMICAL TECHNOLOGY.

Chemistry has done much to promote the progress of agriculture

in the line of chemical technology. Good markets for farm products,

as has already been slated, are essential to progress and prosperity.

Many of the raw materials produced upon the farm enter at once
into manufacture, and their value on the market largely depends
upon the demand for manufacturing purposes. The principal agri-

cultural chemical industries are starch and glucose manufacture,

sugar manufacture, wine making, brewing, distilling, tanning, and
fertilizer manufacture. In all these industries chemistry plays a

leading part.
STARCH MANUFACTURE.

In the making of starch, chemical science lias brought the utiliza-

tion of the by-products to such perfection thai the value of these

products alone more than pays the whole expense of manufacture.
This fact enables the producers to put the starch upon the market at

a price far below what would lie possible if chemistry had not come to

the aid of the industry. Thus, a vastly greater demand for the raw-

materials of which starch is made is s< cured. In Europe potatoes are

tin- principal source of starch, while in the United States indian corn

is practically the sole material of economic importance used for this

purpose. It is true that inMaine there is a large industry devoted to

the manufacture of starch from potatoes, and a few small factories

are found in other parts of the country, notably Michigan. The total

quantity of starch, however, made from potatoes is extremely small

when compared with the product from indian corn. In the manu-
facture of starch from indian corn chemical problems of the greatest

importance are involved. The presence of nitrogenous matter in

starch is undesirable, and the separation of the starch in the indian

corn from the nitrogenous materials is of the utmost consequence to

successful manufacture. By chemical processes, joined with mechan-
ical ingenuity, this separation is now effected in such a way as to
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leave tlie nitrogenous matters in a state suitable for animal food.

Thus, while, on the one hand, the starch of the indian corn is obtained

in a practically pure state, on the other, the waste products are recov-

ered in the form of cattle food of high nutritive value. Again, the

germs of indian corn are composed chiefly of oil and protein matter.

These are also separated in the process of manufacture, the oil is

expressed, and the residue forms a food extremely rich in protein,

and valuable both as a cattle food and as a fertilizer. The oil itself,

by chemical processes, is prepared for various purposes, among others

for the manufacture of a material resembling rubber. All these

results have been accomplished by the application in a practical "way

of the principles derived from chemical investigations.

GLUCOSE MANUFACTURE.

The manufacture of glucose from starch is a chemical process pure

and simple. In chemical studies it was early discovered that when
starch was submitted to the action of certain ferments and acids it

was converted into sugar. This is the principle upon which the

manufacture of glucose rests. Formerly sulphuric acid was chiefly

employed in producing this hydrolysis. At the present time, how-

ever, h}'drochloric acid is more commonly used. The starch in the

form of a thin paste is subjected to the action of dilute hydrochloric

acid under pressure. In a few moments the starch is converted into

a mixture of dextrin and dextrose, in which condition it is used for

the manufacture of the liquid material known in commerce as "glu-

cose." A longer treatment with hydrochloric acid converts the dex-

trin into dextrose, and this is the form in which it is used in the

manufacture of a solid sugar known as "grape sugar." After the

conversion is completed, the hydrochloric acid is neutralized with

soda, forming a little common salt, which does not interfere with the

use of the glucose and grape sugar for the purposes for which they

are used.
SUGAR MANUFACTURE.

In sugar manufacture we see even a more important utilization of

chemical knowledge. Especially is this true of the beet-sugar indus-

try. By means of chemical studies the sugar beet has been developed

from the common garden beet, containing only 5 or 6 per cent of

sugar, to its present condition of a root containing from 12 tolG per cent.

This great improvement has been secured solely by the aid of chem-
ical science conjoined with the highest skill in practical agriculture.

In the process of manufacture, however, chemical science has been

even more successful. Beet juices, on account of their composition,

present greater difficulties in manufacture than the juice of sugar

cane. Without the aid of chemical science the present status of beet-

sugar manufacture would have been impossible of attainment. Thus,

through the exertions of chemistry, an industry has been established



RELATION OF CHEMISTRY TO AGRICULTURE. 255

which has made a profound impress upon agriculture in general.

ions which are devoted to beet culture are everywhere known as

those in which the highest form of scientific agriculture is practiced.

Around the beet factory arc naturally grouped vast dairy interests,

where the cattle arc fed upon the pulp from the diffusion batteries.

The culture of beets implies the application of those principles of

agricultural chemistry which secure an increase of the soil fertility.

Every beet field, therefore, heroines a practical experiment station,

where the best forms of agriculture are taught. All crops receive the

benefits of this high culture, and thus, in these applications of the

principles of practical agricultural chemistry, the general welfare of

the agricultural interests of the community is secured. Perhaps there

is no other instance in chemical technology where the application of

scientific principles has proved of such signal advantage to the progress

of agriculture.
W I N I

•". MAKING.

Wine making rests also largely upon chemical principles. In grapes

we find large quantities of sugar combined with organic acids, of

which tartaric acid is the chief, coloring matters, tannic principles,

etc. The production of wine of line flavor consists in securing the

fermentation of the sugars of this mixture with appropriate ferments

and under carefully controlled conditions of temperature. Only
through the most careful chemical control are the most favorable con-

ditions maintained. Consciously or unconsciously, the wine maker
is a practical chemist, and under the influence of modern research

the scientific principles of wine making are very much more firmly

established and more easily practiced than they were before the con-

ditions under which wine is produced were thoroughly understood.

In wine making chemistry also exercises an important function in the

utilization of the by-products. The tartaric acid present in grape- is

v< ry valuable in commerce, forming, in combination with potash, the

well-known substance cream of tartar, which isso extensively employed
in the manufacture of baking powders and for other purposes. By
the application of the principles of chemical technology to the residues

of the wine press and to the incrustations which form upon the vats

the cream of tartar of commerce is secured.

BREWING.

Brewing is also largely a chemical science. The chief problem in

the brewing industry is that of fermentation, and the development of

fermentation has been due solely to the researches of chemists. In

the brewing industry the first object is to convert the starch of the

(••r.al into maltose and subsequently to change the maltose into

alci >hol by fermentation with yeast. l>y the researches of physiological

chemists, it was discovered that the active principle in the conversion

of starch into .sugar is an enzymic ferment commonly called diastase,
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which is developed in barley by germination. This ferment rapidly

converts starch into maltose, the conversion often taking place within

a few minutes. By the researches of Pasteur and other distinguished

chemists, the method of producing pure cultures of yeast was estab-

lished. It is important, in order to secure a fine flavor to the finished

product, that the ferment be as pure as possible. It is thus seen that

in the chief problems which underlie the brewing industry chemistry

takes a leading part.
DISTILLING.

The industry devoted to the manufacture of alcohol, whisky, and
brandy is also chiefly of a chemical nature. The distilling industry

naturally follows after the brewing industry. The manufacture of

alcohol from starch may be described as the same in both industries.

After the alcohol is formed it is separated from the mash by distilla-

tion. In spite, however, of the greatest care in the selection of yeasts,

several varieties of alcohol as well as of organic acids are formed

during the process of fermentation. After the distillation is finished,

therefore, the separation of common alcohol from the impurities with

which it is naturally mixed becomes a difficult chemical problem.

The progress which has been made in this line, however, has been so

great as to render the production of pure alcohol on a commercial

scale an industrial proceeding of great magnitude. Chemical princi-

ples also of the utmost importance underlie the production of whisky

and brandy, due to the elimination of objectionable alcohols by means
of oxidations produced b}r storage under proper conditions of tempera-

ture and in suitable vessels. The whole process of aging a whisky or

brandy or wine rests exclusively upon the proper conduct and control

of the chemical reactions which take place.

TANNING.

The hides (at least indirectly) and also the principal part of the

materials used in the process of tanning are products of the soil.

Chemical technology has shown that in the process of tanning the gela-

tinous matters of which hides are composed are impregnated with

tannic principles in such a way as to change their nature, rendering

them insoluble in hot or cold water, resistant to atmospheric influ-

ences, flexible, and lasting. All these conditions are obtained by

strictly chemical processes which have been carefully worked out.

The relations of gelatin to tannin have been made the subject of the

most careful chemical research. In like manner the utilization of the

tannin-producing forests has been rendered much more economical.

Formerly only the bark of the oak, the hemlock, and the chestnut

was employed, but chemical science has shown that mixed with the

fiber of the wood itself are tanning properties of a high value. In

canaigre and other plants, chemical research lias discovered sources of

tannin that will take the place of tan bark, in the quest of which vast

forests have been destroyed. Chemical technology has also taught the
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method of extracting from the bark and the wood their active princi-

ples, thus enabling dealers to transport the tannic principles in a

condensed stale and at a greatly reduced cost for freights. Almost

all the greal tanning industries of the country at the present time

employ skilled chemists, and in many instances these chemists are

directors of the factories.

FERTILIZER MANUFACTURE.

Perhaps chemical technology lias rendered agriculture no other

service so valuable as that which it has given in the development of

the fertilizing industries of the world. The vast deposits of plant

foods which occur in South America in the form of nitrate of soda, in

Germany in the form of various combinations of potash, and in this

country in deposits of mineral phosphates are made useful to agricul-

ture only through the intervention of chemical technology. The
earths saturated with nitrates in South America are treated chemic-

ally and the fertilizing principle obtained in a condensed form, mak-
ing their economic transportal ion possible. The compounds of potash

obtained in the mines near Stassfurl are subjected to chemical treat-

ment, whereby the potash salts are concentrated and obtained chiefly

in the form of sulphate and chlorid. The vast deposits of mineral

phosphates furnish abundant materials which are subjected to treat-

ment chiefly with sulphuric acid, and thus phosphoric acid is secured

in a soluble form suitable for absorption by the gro.wing plant. The
wastes and offal of the cattle pens and abattoirs are collected and
treated chemically and the nitrogenous and other fertilizing materials

they contain secured in merchantable shape. Bones are subjected to

mechanical and chemical treatment in order to render their phosphoric

acid quickly soluble. Chemical technology has even established an

intimate bond of union between agriculture and metallurgy. Iron

ores that a few years ago were totally unfit for use by reason of the

large amount of phosphorus they contained are now converted into

the finest steel by new chemical processes which at the same time

secure the phosphoric acid in the form of basic phosphatic slags, con-

sidered one of the most valuable phosphatic manures in use.

RELATION OF CHEMICAL TECHNOLOGY TO GENERAL AGRICULTURE.

In the above ways, the science of chemistry has offered to agricul-

ture stores of plant food which a few years ago were totally inaccess-

ible and useless. These stores are practically inexhaustible, since

chemistry has shown that the atoms of plant food which are thus

employed in the nutrition of the plant return after their cycle of life

to the mineral state, only again to be made available for human
nutrition. Chemistry in its relations to the technology of fertilizing

materials has pointed out the way for indefinitely increasing the fer-

tility of the soil and of laying forever the specter of starvation, which
has so often been raised to threaten the future of mankind.

1 A 99 17
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It is thus seen that chemical technology, while not directly con-

cerned with the tillage of the fields, has done a wonderful work in

establishing agriculture as a scientific profession and assuring its

future against the principal dangers which menace it.

The Debt of Agriculture to Chemistry.

The foz-egoing sketch of the relations of chemical research to the

progress of agriculture during the past hundred years presents an out-

line view of the status of this industry and its debt to science at the

close of the nineteenth century. The true composition of the soil and
its relations to plant growth are now known. The methods of utilizing

plant food and of conserving it for the coming years have been fully

established. The principles of plant growth and the chemical changes
attending it are understood. The laws of animal nutrition have been
experimentally elucidated, and by their application great economy in

the use of nutrients is effected. The methods whereby organic nitro-

gen is prepared for plant food have been revealed, and some of the

ways in which atmospheric nitrogen enters into organic combination

are marked out. The application of the principles of chemical tech-

nology to the elaboration of raw agricultural products has added a now
value to the fruits of the farm, opened up new avenues of prosperity,

and developed now staple crops.

The closing of the century sees in this country an endowment for

agricultural research which excites the admiration of the whole civi-

lized world, and a study of the personnel of the scientific corps shows
that fully half the amount expended for strictly scientific inves-

tigations has been for chemical studies. We find chemistry inti-

mately associated with nearly every line of agricultural progress and
pointing the way to still greater advancement.

When we contrast the condition of agricultural chemical knowledge
which now obtains with the nebulous, empirical, and illogical theories

which characterized it one hundred year-3 ago, the distance we have

traversed seems indeed long; but we should not forget that we are

still only on the threshold of knowledge. The achievements of the

next century ought to surpass those which the past one looks upon
with pride.

To him who writes the story of the progress of agriculture as influ-

enced by chemical research during the twentieth century may come a

feeling of pit}- for the ignorance which now surrounds us; but he will

at least accord to our workers the merit of being emancipated from

the slavery of opinion and the worship of authority, lie will certainly

say they were patient, industrious, and truth loving. To the leaders

of progress for the next century we commit our unfinished work, con-

fident of their integrity and hopeful of the good which they will bring

to mankind.
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Introduction.

Economic ornithology has been denned as the study of birds from

the standpoint of dollars and cents. Tt deals with birds in their rela-

tion to agriculture, horticulture, trade, and sport; it treats of species

important to the farmer, the fruit grower, the game dealer, the milliner,

and the sportsman; in short, it is the practical application of the

knowledge of birds to the affairs of everyday life. The study of the

relations of birds to agriculture is as intricate and difficult as it is

broad and comprehensive. Its successful prosecution presupp

not only an accurate knowledge of classification, distribution, migra-

tion, and habits, but also an acquaintance with the measures which

have been adopted for the preservation of useful or the destruction of

noxious species. Theoretically, it should be one of the firsl branches

of ornithology to receive attention; in reality, it has been one of the

last.

DEVELOPMENT OP AMERICAN ORNITHOLOGY.

The history of American ornithology may be traced back to the

middle of the sixteenth century, but for one hundred and fifty years

the references to birds consisted of little more than fragmentary notes

in the writings of early explorers and colonists. In the eighteenth

century several important works appeared, the principal one being

Mark Catesby's great work on the "Natural history of Carolina, Flor-

ida," etc., published in 1731-1743. One hundred and thirteen species

of birds were described and figured, and the plates formed the basis of

many of the species described by LinnsBus a few years later. Impor-

tant contributions were also made by Edwards, Forster, Latham, Bar-

tram, Hearne, and Barton. Bartram's ''Travels through North and

South Carolina," 1701, marked the beginning of the distinctively Amer-

ican school of ornithology, and Barton's "Fragments of the natural

history of Pennsylvania," 1799, was notable as the first exclusively

ornithological book published in this country.

In the nineteenth century three names, Wilson, Audubon, and

Baird, stand out with such prominence that they mark epochs in the

development of the science. Wilson's "American ornithology," 180S-

1814, laid the true foundation of ornithology in the United States;

259
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Audubon's "Birds of America" and "Ornithological biographies,"

1827-1839, occupy a field entirely alone, and Baird's "Birds of North

America," 1858, published in conjunction with Cassin and Lawrence,

made a great advance in all that relates to classification and nomen-

clature (the technical side of ornithology), and exerted a wider influ-

ence perhaps than any previous work. In the meantime the activity

of travelers and explorers had added important contributions. The
expeditions of Lewis and Clark across the continent in 1804-1806, of

Long to the Rocky Mountains in 1810-20, and of Franklin to the Polar

Sea; the travels of Douglas, Nuttall, Townsend, Maximilian, Audu-

bon, and others; and, finally, the expeditions of the Pacific Railroad

surveys opened up many new fields and brought to light a host of new
birds from previously unknown regions in the West and North. The

publication of Baird's work was followed almost immediate^ by a

rapid increase in ornithological literature. The number of workers

multiplied, and their contributions covered the whole field, from the

brief description of a new species to elaborate faunal lists and com-

prehensive modern manuals, like those of Coues and Ridgway, which

include all the birds of the continent from Mexico to the Pole. In

18S3 the organization of the American Ornithologists' Union (an out-

growth of the Nut tall Ornithological Club, formed ten years pre-

viously) brought the individual workers in touch with one another

and gave a new impetus to North American ornithology. The union

prepared a code of nomenclature, which found general acceptance

among zoologists, harmonized conflicting systems of classification,

and published a new check list of birds. It stimulated research in

every branch of ornithology, and by means of its quarterly journal,

"The Auk" (now in its seventeenth volume), provided a place of

publication and brought together in one series a large number of

papers which otherwise would have been widely scattered.

Since the beginning of the century the field' of North American

ornithology has been extended from the Atlantic States to the Pacific,

and from the Mexican boundary to Alaska and Greenland. The

list of birds has increased 400 per cent, as shown by the number of

species recognized by different authors: Wilson, in 1814, described

278 species; Audubon, in 1844, increased the list to 50G; Baird, in

1858, recognized 738; Coues, in 1873, 778 species and subspecies;

Ridgway, in 1880, 877; the "Check list" of the American Ornithologies'

Union, in 1886, 951; and the additions since made have increased the

number to about 1,125.

Compared with the activity in systematic work, the record of economic

ornithology seems meager. Thelaborsof American ornithologists were

naturally directed at first to the discovery and description of new

species and the acquisition of facts regarding their general habits and

distribution; Little attention was given to economic questions. Many
notes concerning the food of birds may be found in the writings of
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Wilson and Audubon, but there is little of importance outside of the

works of these authors before the middle of the present century. The
history of economic ornithology may be conveniently considered under

three heads: (1) Investigations as to the value of birds; (2) commer-

cial uses of birds; (3) measures for the destruction, preservation, and
introduction of important spe

Investigations as to the Value of Birds.

The practical study of ornithology began to attract attention about

. and several papers appeared in the reports of the agricultural

societies of Illinoisand Ohio, as well as in the reportsoftheUnited States

Commissioner of Patents. The character of some of these early con-

tributions is indicated by such papers as he Baron's "Observations on

the birds of Illinois most interesting to tin 1 agriculturist" (1855), Wal-
ford's ''Importation and protection of useful birds" (1855), Holmes'*

"Birds injurious to agriculture" (1857), Kirkpatrick's "Hawks and

owls" (1858), and Dodge's " Birds and bird laws" (1865). Between
; Dr. J. A. Allen prepared a series of twenty-five popular

bird biographies entitled " Birds of New England," designed to inter-

armers in common birds. In 1864 Elliott published an extended

article on "Game birds of the United States," and during the next

four years Samuels contributed three papers devoted largely to t lie

birds of New England.

COMMENCEMENT OF INVESTIGATIONS ALONG MODERN LINES.

The first investigation along modern lines seems to have been made
by Prof. .1. W. I'. Jenks, who, in 1858, studied the food habits of the

robin and examined a considerable number of stomachs, collected at

frequen! intervals during the year. 1 Between March and September

specimenswere collected weeklyand some of the time daily. Stomachs

taken in March and April contained only insect matter, 00 percent

e insisting of the larvfe of crane flies (Bibio albipennis). From May 1

to June 21 Bibio larva' disappeared, but were replaced by a variety of

insects, including caterpillars, elaterid beetles, and spiders. From
late June to October the stomachs contained strawberries, cherries,

and other fruits, but after October the vegetable diet was discarded

and replaced bygrasshoppers and orthopterous insects. The few birds

which remained during the winter fed mainly on bayberries (Myrica

cerifera), privet berries (IAgustrum vulgare), and juniper berries

(Ju n iperus com m u n is).

By a curious coincidence an experimental investigation of the robin

was made in the same year (lSeSj by Prof . D. Treadwell. Two young
birds, caught about June 5, were kept in captivity for the purpose of

noting the amount of food eaten and the iate of growth from day to

'Trans. Mass. Hort. Soc, 1S59.
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day. One of the birds died after three days, but the other remained

under observation for thirty-two days, when it had attained full size.

"The fame of this robin has extended over both hemispheres." Its

capacity for worms seemed unlimited. On the fourteenth day the

worms eaten numbered 68, and their weight amounted to 41 per cent

more than that of the bird, while their length, if laid end to end,

would have measured 14 feet. Treadwell estimated that a pair of

robins feeding a brood of four young at the rate averaged by this bird

would have to collect 250 worms per day—an interesting illustration

of the quantity of food consumed during the breeding season. 1

In 1S7S Prof. Samuel Aughey's classical paper, " Xotes ou the nature

of the food of the birds of Nebraska," appeared in the First Annual
Report of the United States Entomological Commission. It included

observations extending over a period of thirteen years of 90 different

species and an examination of more than 630 stomachs. The stomach

contents were merely separated into grasshoppers, other insects, seeds,

and miscellaneous, and the number of grasshoppers was given in each

case. The report was the most extensive contribution to economic

ornithology thus far published, and showed that grasshoppers, when
abundant, become the principal food of insect-eating birds, and that

they are largely eaten even by water birds.

In the meantime two entomologists had published their views on

the relative value of birds and predaceous insects as insect destroyers.

B. D. Walsh, State entomologist of Illinois, declared in 1867 that

unless a bird destroyed at least thirty times as many noxious as bene-

ficial insects it could not be considered a public benefactor. 2 The
fallacy of this view was shown by Forbes, in 1880, in his "Interaction

of organisms," and later by Weed. 3 In 1873 31. Edouard Perris called

attention to the harm that birds might do in destroying parasitic

hymenoptera, and stated that the utility of a bird depended on how
many injurious insects it destroyed, usually an unknown quantity. 1

Forbes published a translation of this paper 5 seven years later, thus

bringing it prominently to the notice of American ornithologists.

A PERIOD OF NOTABLE ADVANCE IN INVESTIGATIONS.

A notable advance was made in 1880 by Prof. S. A. Forbes, who
first called attention to the relative value of the three methods of

investigation now in general use, namely: (1) Field observation; (2)

experiments on wild birds recently caught; (3) examination of stom-

achs in the laboratory. lie also divided the food into three categories

—

injurious, neutral, and beneficial. Forbes's attention was confined

'Proc. Boston Soc. Nat. Hist.. VI, pp. 390-399, 1859.

'Practical Entomologist, 17 pp, 44-V,, January. 1867.

•Proc. Fourteenth Ann. AI> .oing Soc. Promotion Agr. Sci., pp. 70-74, 1803.

4 Bull. Mensuel Soc. Aeclhu -'ins. a. ">S7:;.

6 American Entomologist, In, pp 09 and 9(5, 1880.
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mainly to thrushes, wrens, and bluebirds, of which he examined 320

stomachs, representing 9 species. His paper on the "Food of birds,"

printeded in the Bulletin of the Illinois State Laboratory of Natural

History in 1880, is a model of thoroughness, and still remains the best

report published on the food of the robin. A second paper on "The
regulative action of birds upon insect oscillations," published in 1

was devoted niainty to a discussion of the question whether insectiv-

orous birds neglect their usual food for the sake of other insects

which are unusually abundant, and a number of birds were collected

during two successive years in an old orchard badly infested with

eankerworms. These insects had attracted birds of the most varied

eharacterand habits to the orchard. An examination of 140 stomachs,

representing 36 species, showed thai 35 per cent of the food consisted

of eankerworms.

About the same time appeared an elaborate investigation of the

"Economic relations of Wisconsin birds," by Prof. F. H.King. 1 This

report was chiefly remarkable for the Large number of stomachs

examined, more than L,600, representing about 83 species, and the

attempt to show graphically the percentage oi the various elements of

the food. It was the most extensive investigation thus far under-

taken, but many species were represented by too small a number of

stomachs to furnish satisfactory conclusions, and like Aughey's work
in Nebraska, the identifications were rarely carried out in detail.

In Pennsylvania Dr. P>. H. Warren has paid much attention to the

food of birds, and has published the results of an examination of

2,084 stomachs, chiefly of grackles and birds of prey, in his "Birds
of Pennsylvania," 1886. He has given special attention to the eco-

nomic relations of hawks and owls, and in his reports as State zoolo-

gist and his "Enemies of poultry," 1899, has shown the evil results

of the Pennsylvania "scalp ad " of L885. To his energy is due much
of the credit of exposing the evils of bounty legislation on birds.

The destruction of birds and the causes of the de n bird life

have been the subject of special study by Hornaday, who published

in 1898 an important paper entitled '"The destruction of our birds

and mammals." 2

Since L886 economic investigations have been carried on chiefly with

State or federal aid, and comparatively little has been undertaken by
private individuals, except along special lines. Reference should

here be made to the work of Forbush in connection with the gipsy

moth commission of Massachusetts; to the detailed study of the food

of the robin by Wilcox, who examined 187 stomachs collected during
spring and summer; 3 and also to the studies of Prof. Clarence 31.

Weed, of the winter food of the chickadee (based on an examination

: Wis. Geo!. Surv., I. pp. 441-610, 1882.

-Second Ann. Rept. N. Y. Zool. Soc, pp. 77-136. 1S98.
3 Bull. 43, Ohio Agr. Expt. Station, pp. 11-5-129, 1892.
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of 41 stomachs) and the habits of the chipping sparrow in feeding

its young. 1

The important researches thus briefly noticed include four investi-

gations on the robin, an examination of 630 Nebraska birds, some

450 Illinois birds, about 1,600 Wisconsin birds, and an investigation

of -',084 birds of prey, grackles, and other species in Pennsylvania,

comprising in all more than 5,000 stomachs.

WORK OF THE BIOLOGICAL SURVEY.

ESTABLISHMENT OF THE DIVISION.

One of the most important results of the organization of the Ameri-

can Ornithologists' Union was the impetus given to the study of eco-

nomic ornithology. Committees on the English sparrow, bird migration,

and geographical distribution Avere appointed at the first meeting, and

elaborate invest iga t ions were at once begun. The work, however, had

been planned, on such a large scale that it soon outgrew the resources of

the committees, and at the second annual meeting of the union it was

determined to present a memorial to Congress to secure an appropria-

tion for continuing it. The relation of birds to agriculture is so intri-

cate and the thorough study of their food so difficult, on account of

the amount of time and material required, that investigations of this

kind are ordinarily beyond the means of private individuals, and are

entitled to Government support. In recognition of the importance of

the work, Congress granted an appropriation of $5,000, to be expended

under the Division of Entomology of the Department of Agriculture,

and on July 1, 1885, established a section of economic ornithology.

Under the direction of Dr. C. Hart Merriam, investigations were out-

lined on a broad scale, to include the "food habits, distribution, and

migrations of North American birds and mammals in relation to agri-

culture, horticulture, and forestry." A year later the section became

an independent Division, and in 1896 its name was changed by Con-

gress to the broader title of Division of Biological Survey.

FIRST PUBLICATIONS OF THE DIVISION.

Upon the organization of the Division of Ornithology and Mam-
malogy, the data collected by several of the committees of the Ameri-

can Ornithologists' Union were turned over to it and formed the basis

of its first two bulletins. The notes on distribution and migration of

birds were published in 1888 under the title "Bird migration in the

Mississippi Valley," and the report on the "English sparrow in Amer-

ica" appeared in the following year. The latter report contained a full

account of the sparrow and its introduction into the United States, its

depredations on crops, and recommendations for destroying it, or at

least preventing its increase. Special attention was called to the

desirability of legislation permitting the destruction of the bird. It

1 Bulls. 54 and 55, New Hampshire Agr. Expt. Station, 1898.
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is interesting to note that at the time the bulletin was issued the

English sparrow was practically protected bylaw in twenty-two States,

although Ohio and Michigan had taken steps to exterminate it, while

now most of the States have withdrawn protection, and Illinois, Michi-

gan, Ohio, and Utah have vainly attempted to destroy the pest under
the bounty system.

FUNCTIONS OF THE DIVISION FROM THE STANDPOINT OF ECONOMIC ORNITHOLOGY.

From the standpoint of economic ornithology the Division may be
said to have three functions: (1) To determine as accurately as possi-

ble the food of birds of economic importance; (2) to act as a court of

appeal to investigate complaints concerning depredations of birds on
crops; (3) to diffuse the results of its work and educate the public as

to the value of birds. In studying birds' food dependence is placed

chiefly on examination of stomachs to ascertain what has been actu>

ally eaten. Stomachs arc collected in different localities at all seasons

and in sufficient numbers to show clearly the character of the food.

The stomach contents are examined microscopically and identified

by comparison with reference collections of seeds and insects. This

laboratory examination is supplemented by experiment and field work.

INVESTIGATIONS REGARDING SUPPOSED [NJURIOUS BIRDS.

Species popularly considered injurious, such as hawks and owls,

the crow, blackbirds, woodpeckers, and blue jays, received attention

first. A report on hawks and owls was undertaken by Dr. A. K.
Fisher, one on the crow by Prof. W. B. Barrows, assisted by Mr. E. A.

Schwarz in the identification <>f the insect material, while the investi-

gations on the crow blackbird, woodpeckers, mu\ blue jay were made
by Prof. P. P. P. Peal.

The destruction of birds of prey in Pennsylvania, following the

passage of the "scalp act" of 1885, had attracted widespread interest,

and showed the necessity for correcting erroneous views concerning
the value of hawks and owls. About 2,700 stomachs of these birds

were collected, the contents carefully examined, and the results pub-
lished in L893 in a bulletin entitled "Hawks and owls of the United
States," illustrated by twenty-six colored plates. Of the 75 l species

and subspecies which occur in America north of ^Mexico, only were
found to be injurious, while several were shown to be beneficial.

About the time the work was begun bounties on birds of prey were,

or had recently been, offered by Colorado, Indiana, New Hampshire,
Ohio, Pennsylvania, Virginia, and West Virginia. At present not

only have all the important State bounties been withdrawn (the acts

1 Ninety species and subspecies are now recognized by the Check List of the

American Ornithologists' Union, but if species of accidental occurrence and the less

important subspecies are omitted, the number is reduced to ahout 75. Of these,

food examinations of about 45 species have been made by the Division.
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still in force are mainly local), but several States have adopted pro-

tective measures. New Hampshire and Ohio began with eagles,

Rhode Island with fishhawks, and New York and Minnesota with

owls. Pennsylvania and Alabama now protect all except the six or

seven realty injurious species, while during the present year Utah
has gone so far as to make it unlawful to kill any hawks or owls.

Such changes show the gradual appreciation of the value of these

really useful birds.

In the case of the crow, nearly 1,000 stomachs were examined, and
the charges of pulling up sprouting corn, of injuring corn in the milk,

of destroying fruit, and of destroying eggs of poultry and wild birds

were all sustained. But it was found that corn in the milk formed

only 3 per cent of the total food, and most of the corn destroyed was
waste grain; that the destruction of fruit and eggs was trivial, while,

oji the other hand, many noxious insects and mice were eaten. The
verdict was therefore rendered in favor of the crow, since, on the

whole, the bird seemed to do more good than harm.

Similar studies of crow blackbirds (based on about 2,300 stomachs)

and woodpeckers (including nearly 700 stomachs), published in 1895,

showed that these birds were decidedly beneficial. Only 1 of the 7

species of woodpeckei-s examined—the yellow-bellied—exhibited any
questionable traits, namely, a fondness for the sap and inner bark

of trees. Of the 40 or 50 birds, exclusive of hawks and owls, thus

far investigated, the English sparrow is the only one which has been

condemned.

INVESTIGATIONS REGARDING BENEFICIAL BIRDS.

A number of species usually considered beneficial have also received

attention. The Baltimore oriole, meadowlark, cuckoos, red-winged

blackbird, rose-breasted grosbeak, cedar bird, robin, bluebird, swal-

lows, and several flycatchers have been studied by Professor Beal,

and the shrikes, sparrows, catbird, mocking bird, brown thrasher,

and house wren by Dr. Sylvester D. Judd. One of the interesting

facts brought out in studying the catbird was the discovery that some
birds prefer wild to cultivated fruits, so that the latter may be pro-

tected by planting certain berry-bearing shrubs and trees, especially

in regions where wild fruit is naturally scarce. The kingbird, fre-

sntly condemned as a destroyer of honey bees, was shown to eat

very few bees, and these mostly drones. On the other hand, it kills

many of the destructive robber flies, and a large proportion of its

food is made up of injurious insects, so that it must be regarded as

decidedly beneficial. Recent investigations show less favorable results

in the case of some other flycatchers, and indicate that the prevailing

idea that all insectivorous birds are necessarily very beneficial may
require decided modification; and that there are birds which habitu-

ally feed on beneficial insects to such an extent as to lower their value

to the farmer, if not to place them among the enemies of his crops.
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RESULTS OF FOURTEEN YEARS* WORK.

As a result of fourteen years' work the Biological Survey has brought

together a collection of about 32,000 bird stomachs, of which some
14,000 have been examined. It has investigated about 100 species

(nearly half hawks and owls) and prepared the results for publication

in the form of bulletins or special papers. The publications on birds

already issued include seven special bulletins, 1 fifteen papers in the

Annual Reports for 1886-1893, inclusive, and eight papers in the

Yearbooks for 1801-1808. Some of these papers, such as "Seed
planting by birds," "Hawks and owls from the standpoint of the

farmer," "Birds that injure grain," and " Birds as weed destroyers,"

deal with general topics of special interest. The investigations on
some 30 grain and insect-eating birds were summarized in 1897 for a
bulletin entitled "Common birds in their relation to agriculture,"and
tiie work of the Division has also formed the basis of two important

'

summaries, <>ne by Miss Florence A. Merriam, entitled, "How birds

affect the farm and garden," 2 the other by Professor Deal, on " Eco-
nomic relations of birds and their food." 3

The educational work of the Biological Survey has not been con-

fined to laboratory studies or publications. The Division hasprepared
exhibits to illustrate the food habits of birds and modern methods of

investigation for the expositions at Cincinnati in L888, Chicago in

. Atlanta in 180."), and Nashville in 1897. It indorsed the propo-

sition to establish a " Bird day" in the schools in 1894, and issued a

circular on the Subject two years later. Ever since its organization

i; has acted as a bureau of information on all subjects relating to

birds or their distribution and habits. In short, it lias spared no effort

to advance the cause of economic ornithology in every possible way.

Commercial Usks of Birds.

Birds are utilized in a variety of ways. Some species are valuable
for food, a lev as ^^ producers, others for plumage for millinery

purposes, and still others for their guano. An immense trade has
sprung up in game, feathers, and guano, and our markets draw their

supplies from all parts of the world. Aside from its purely commer-
cial aspect, this traffic is important in its relation to agriculture.

Most game birds are useful to the farmer, and their preservation is

important not only because of this fact and on account of their market-
value, but also for the purpose of protecting smaller insectivorous
species which otherwise are likely to be destroyed to supply the

'No. 1, English Sparrow, 1889; No. 2. Bird Migration in the Mississippi Valley,
Xo. 3, Hawks and Owls, 1893; No. 6, Common Crow, 1895; No. 7. Food of

Woodpeckers, 1S95; No. 9, Cuckoos and Shrikes, 1893; and Farmers' Bulletin, No.
54, Some Common Birds in Their Relation to Agriculture, 1N9T.

Forest and Stream, XLVII, pp. 103, 123 and 144, 1896.
3 Proc. Twenty-fourth Ann. Meeting N. J. Hort. Soc, 1899.
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increasing demand for game. The millinery trade has already

practically exterminated several native species, and as plume birds

become scarce insectivorous birds are utilized in increasing numbers.
Finally, to the development of the guano trade, agriculture owes
much of the advance which has been made in the modern system of

intensive cultivation and the intelligent application of fertilizers.

GAME.

Accurate statistics regarding birds and bird products are difficult to

obtain, but the increase in this trade has had a marked, and in some
cases a disastrous, effect on certain native species. The number of birds

annually killed for game in the United States has increased largely

with the development of railway systems and the perfection of cold-

storage facilities for shipping game to market. Quantities of game
are frequently kept in cold storage for months at a time, or even from
one season to another, so that our large cities can now receive their

supplies not only from neighboring regions but from distant States

and even foreign countries; for instance, South American tinamous,

shipped from Argentina to London, and then imported into this coun-

try, have been sold in the markets of Washington, D. C, having
thus been necessarily kept on ice for several months. New York,
Baltimore, Boston, Chicago, St. Louis, New Orleans, and San Fran-

cisco are all large game centers, and the quantity of birds annually

sold in any one of these cities is simply enormous. D. G. Elliot, writ-

ing as long ago as 18G4, states that one dealer in New York was
known to receive 20 tons of prairie chickens in a single consignment,

which were estimated to represent 20,000 birds, and that some of the

larger poultry dealers sold from 150,000 to 200,000 game birds in the

course of six months. "These estimates," lie adds, "so far from
being exaggerated, are probably far below the true state of affairs,

and these, it must be recollected, are but the receipts of a single city.

The total number of birds destroyed throughout the country would
exceed the credibility of everyone." 1

The consumption of game to-day is much greater than it was thirty-

five years ago, and the effect of such enormous slaughter has become
very apparent in the case of several species, as for example, the pin-

nated grouse, or prairie hen, and the passenger pigeon. The prairie

hen (Tympanuchus americanus) occurs on the prairies of the Mis-

sissippi Valley from Louisiana and Texas, north to latitude 50° in

Manitoba, and from northwestern Ohio and southwestern Ontario to

central Nebraska and Kansas. In the east its range is rapidly con-

tracting; a few are still found in Kentucky, but the species is rare in

Indiana and northwestern Ohio. It usually lays from 11 to 14 eggs

in a set, and is considered one of the most prolific of game birds,

'Rept. Comin. Agr., 18(54, pp. S8o and 384.
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ranking next to the bobwhite in this respect. But in spite of this

and the fact that the bird is gradually extending its range westward

with the settlement of the country, the species can not maintain

its normal abundance in the face of the destructive agents against

which it lias to contend.

Audubon states that when he first moved to Kentucky (about 1808)

prairie hens were very abundant, and could be seen frequently in the

farmyards with the poultry and even in the streets of the villages. So

little were they esteemed as game that hunters scarcely deigned to

shoot them, and they could hardly be sold for more than a cent apiece.

A quarter of a century later he remarks that the gi'ouse had practi-

cally abandoned the State of Kentucky, and each year their limit of

abundance was moving farther westward. 1 A few are still found in

the State and in many sections of the prairie region of adjoining

Slates, but they are n<> longer abundant east of the Mississippi River.

«

A still more striking case of extermination is that of the passenger

pigeon (Ectopistes migratorius), which lias been reduced almost to

the point of extinction except in two or three Northern States. This

sp.cies formerly ranged over the deciduous forest region of Eastern

North America, from the Gulf of Mexico to Hudson Ray, and was
rkable for the enormous numbers which often collected together,

To-day its breeding range is restricted to the thinly settled wooded
•n along the northern border of the United States, chiefly in

Michigan and Wisconsin. It was one of the first birds to attract the

attention of the early colonists, and references t<» it may be found as

far back as 1630. a The enormous breeding colonies and roosts and
the great Mights, such as that seen by Audubon in 1813, afforded an
abundant supply of food, and the birds were slaughtered by the mil-

lion. Audubon speaks of seeing schooners at the wharves in New
York in L805 that were loaded in bulk with pigeons taken on the

Hudson River, and states that the birds sold for only a cent apiece.

In March, 1830, he found them so abundant in the New York markets
that piles of them could be seen in every direction. He purchased

350 live pigeons at 4 cents apiece, most of which were carried to

England. Prof. 11. R. Honey has described a breeding colony located

near Petoskey, Mich., in 1878, which covered about 100,000 acres

of land, and from which it was estimated 1,500,000 dead birds and
80,532 live birds were shipped by rail, and probably an equal number
by water. He estimates the total destruction of pigeons in Michigan
in 187S at 1,000,000,000, an estimate probably in excess of the number
actually killed. 3

The passenger pigeon has long since ceased to have any commercial
importance; the netting and the slaughter to which it was subjected

'Ornith. Biog., II, p. 491, 1835.
2 See Merriain*s Birds of Connecticut, pp. 93-94, 1S77.
3 Am. Field, X, pp. 345-347.
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at its roosts and breeding grounds have almost exterminated it.

According to Brewster, the last important nesting in Michigan took

place in 1881, a few miles west of Grand Traverse. 1 In the last twenty
years the species has decreased so rapidly that its occurrence in any
of the States except Indiana, Michigan, Minnesota, and Wisconsin
can hardly be considered more than accidental. During the last ten

or twelve years a few flocks of a hundred or more have been reported

from the following places

:

Large flocks of passenger pigeons reported between 18S9 and 1S99.

Date.
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market egg hunters in the early eighties. 1 Sennett, in speaking of

the quantities of eggs, chiefly of gulls, terns, and herons, gathered a

few years ago along the coast of Texas, says:

There is probably not a port, pass, or bay on the entire coast of Texas whose
inhabitants do not regularly devote several days each year to what they term

ing." * * * All eggs from an inch in diameter upward are taken, except-

ing perhaps those of the pelican, whose eggs are too fishy for any stomach. I have

known of boats which came a distance of over 100 miles to gather these eggs,

cruising from reef to reef until they secured a good load. For days after the

return from these expeditions the shops along the coast expose quantities of birds'

eggs for sale, which are disposed of cheaply, according to size. * * * In regard

to the profits of the ' egging business, "I doubt if even the most successful" egger"

c:m make as much money as he could have done had he stuck to his regular arid

much more praiseworthy occupation.

-

The eggs of the "arrie" or "Pallas" murre (U-ria lomvia arra) are

collected for food on the Pribilof Islands, in Bering Sea, and II. W.
Elliott mentions that on the occasion of his first visit to Walrus Island,

in July, Is":?, six men in Less than three hours loaded a badarrah

carrying 4 ions with eggs i<> the water's edge.

On Laysan, one of the northwestern Hawaiian Islands, the "gooney,"

or albatross (Diomedea imrnutdbilis), fairly swarms. Immense quan-

tities of its eggs are gathered for the use of the employees of the guano
company, and possibly some are shipped to Honolulu. Photographs

Bhow that the eggs arc gathered not only by the wheelbarrow load but

by the car load. (See PI. VI.) Formerly, it is said, the birds were

accorded rigid protection by the superintendent of the company, but

how long they can survive the recent wholesale removal of eggs is not

difficult to surmise.

A si ill more striking example of wholesale egg collect ing. and prob-

ably Hm' most important one in the United States from a financial

int, is that of the Farallones. These islands, or rather rocks,

situated on the COasI of California 30 miles west of the Golden Gate,

are the breeding grounds of myriads of sea birds, chiefly western gulls

(Larus alls) and murres, or California guillemots (Uria troile

californica). For nearly fifty years murre eggs were collected here

and shipped to the SanFrancisco market, where they found a ready

Bale at from 12 to 20 cents per dozen, a price only a little less than that

of hens' eggs. During the season, which lasted about two months,

tining near t lie middle of May, theeggswere shipped regularlyonce

or twice a week. The main crop was gathered on South Farallone, the

icipal island, and mainly from the '"great rookery" at the west
end. The bird lays only one egg, which is deposited on the bare rock.

When the season opened, the men went over the ground and broke all

the eggs in sight, so as to avoid taking any that were not perfectly

fresh. The ground was then gone over every second day, and the

eggs were systematically picked up and shipped to mark

1 Auk, V, p. 377, 1*88.

3 Science, VII, pp. 199-200, February 28, 1886,
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The business was in the hands of Italians and Greeks, who were also

engaged in fishing, and although only a dozen or fifteen " eggers " were
employed on the islands, the number of eggs gathered was simply enor-
mous. It is said that in 185-i more than 500,000 were sold in less than
two months, and that between 1850 and 185G three or four million

were taken to San Francisco. Dr. Ileermann states that the value of

the traffic was between 8100,000 and $200,000, evidently too large an
estimate, even at the high price of eggs prevailing at that time. Since

then the value of the eggs has declined, and the number has also fallen

off considerably. In 1884 there were gathered 300,000; in 188(3 about

108,000; while in 1896 the crop was reduced to a little less than 92,000.

The Farallones being a Government light-house reservation, the

"eggers" were allowed on the islands only by sufferance. From 1850

to 1880 the Farallone Egg Company remained in almost undisputed

sway, but were dispossessed in 1881 by the light-house authorities.

Afterwards the keepers employed men to gather the eggs, but in 1897

the attention of the Light-House Board was called to the decreasing

numbers of birds, and instructions were promptly issued prohibiting

further gathering of eggs for market, thus practically putting an end
to the business for the present. Full accounts of the methods employed
in this remarkable traffic may be found in the interesting papers of

Bryant and Loomis, 1 from which the above facts have been mainly

derived.
FEATHERS.

The fashion of wearing feathers and birds on hats has increased to

such an extent during recent years as to cause an immense demand
for birds and plumes to supply the millinery trade. The saying that

a bird which has become fashionable is doomed to almost certain

extinction is exemplified by the great decrease in numbers of terns

along the Atlantic coast and herons of the Gulf States within the last

twenty years. Attention was called to this wholesale destruction by
the American Ornithologists' Union in 1886, 2 and the devastation of

the Florida heronries and the barbarous methods of the plume hunters

were vividly described by Scott in 1887 in a series of papers entitled

"The present condition of some of the bird rookeries of the Gulf coast

of Florida." 3

Terns of several species were formerly abundant along the coast

from Florida to New England. The common tern (Sterna Mrundo)
and the least tern (S. antiUarum) bred abundantly on the New Jersey

coast, but, according to Stone, both were nearly exterminated about

1883 to supply the millinery trade. As an example of the wholesale

destruction of birds, Scott mentions a contract made by two men
on Tampa Bay, Florida, for the delivery of 30,000 terns in a single

'Proc. Cal. Acad. Sci., 2d ser., I, pp. 31-30, 1888; VI, pp. 356-333, 1896.
2 Science, VII, pp. 191-203, 1886.
3 Auk, IV, pp. 135, 213, 273, 1887.
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season. Similar contracts have been made on the coast of Virginia;

and from Seaford, Long Island, N. Y., more than 3,000 terns were

sent to market during the summer of 1883 by one gunner and his

associates, while about the same time 40,000 are said to have been
killed on Cape Cod, Mass. The results of such slaughter were

swift and sure. An examination of the grounds about the mouth of

Tampa Bay and the bars off Pass Agrille, on the west coast of Florida.

in the summer of 1888 showed that not a tern of any kind was breed-

ing where countless numbers had nested onby a few years before. 1

Of the northern coast, Chapman says in 1805 "this little barren,

uninhabited sand island [Gull Island, off Long Island]—only a few
acres in extent—and Muskeget Island, off the Massachusetts coast, are

the only localities from Xew Jersey to Maine where the once abundant
common tern, or sea swallow, can be found in any numbers. [Each of

these islands now has a keeper who is paid to protect the terns.]

What an illustration of the results of man's greed and woman's
thoughtlessness!

*"-

Butthe destruction of herons has been, if possible, even worse. The
only heron feathers of any value are the nuptial plumes, commonly
known as aigrettes, and in order to secure these plumes at their best

the birds are killed on the breeding grounds soon after the eggs are

laid or the young hatched. As the herons nest in colonies, it is

often an easy matter to kill a large number by the use of rifles of

small caliber. The American egret (Ardea egretia) and the snowy
egret (A. candidissima) furnish the finest aigrettes, and consequently
have suffered most severely; to-day the latter species is the rarest

heron in the South.

Scott speaks of finding herons abundant in 1880 at a number of

large rookeries on the west coast of Florida, but in 1S8G the same
breeding grounds were almost deserted or marked by piles of dead
and decaying birds. The slaughter which had begun at least two
years before was then still under way, and a price had been set on every
bird of any value to the plume hunters. One man who had visited

Florida for four seasons was employing from 40 to GO gunners, to

whom he furnished supplies and paid from 20 cents to 82.50 apiece

for desirable skins, the average price being about 40 cents. Besides
the plume birds, such as herons, ibises, and roseate spoonbills, vari-

ous others—sandpipers, plovers, turnstones, least terns, boat-tailed

grackles, gray kingbirds, and even owls—were killed for the Northern
market. 3 "I have heard a 'plume hunter,'" says Chapman, "boast
of killing 300 herons in a rookerj'in one afternoon. Another proudly
stated that he and his companions had killed 130,000 birds—herons,

egrets, and terns—during one winter. But the destruction of these

birds is an unpleasant subject. It is a blot on Florida's history." 4

1 Scott, Auk, V, p. 37G. 3 Auk, IV, pp. 141 and 277.

-Birds East. N. Am., p. 82. 4 Birds East. X. Am., pp. 133-134.

1 a 99 18
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Unfortunately, tlio demands of the millinery trade are not confined

to plume birds and terns or to any particular State, and the slaughter

so destructive to the Florida herons is being repeated in less degree

in several sections of the country in the case of other birds.

Among the few redeeming features of the feather trade should be

mentioned the establishment of a new industry through the introduc-

tion of the South African ostrich (Struthio australis). The first birds,

22 in number, reached New York in December, 1882, and a few

months later were placed on a farm near Anaheim, Cal. In 1899

there were several ostrich farms in southern California, and one each

in Arizona, Florida, Texas, and the Hawaiian Islands. Although

ostrich farming in the United States has passed through many vicissi-

tudes and is still in its infancy, the important fact has been demon-

strated that ostrich feathers can be produced in this country which

are equal to the best grades imported from abroad.

GUANO.

Alexander von Humboldt, returning from his extended travels in

tropical America in 1801, carried to Europe some samples of bird

dung, or guano, and first called attention to the value of the extensive

deposits of this substance on the Chincha Islands, off the coast of

Peru. The announcement excited little interest at the time, but its

importance was realized forty years later, when guano revolutionized

methods in agriculture and furnished a new source of revenue for cor-

porations, and even nations, chief among the latter being Peru, which

for several years depended largely on the income from the Chincha

Island deposits to pay the interest on her national debt. In the early

fifties guano became the subject of diplomatic correspondence between

the United States and Peru and Venezuela; but the negotiations fail-

ing to secure the desired reduction in price of Peruvian guano, depos-

its Avere sought elsewhere. Finally, Congress was induced to take

action, which resulted in the taking possession by private persons under

the protection of the United States of a number of small guano islands

in the West Indies and in the South Pacific.

Deposits of the excrement of sea birds occur on rocky islands in

various parts of the world in nearly all latitudes; but guano of com-

mercial value is limited chiefly to the rainless regions of the Tropics,

usually within a few degrees of the equator. Its fertilizing value lies

in the presence of nitrogen, phosphates, and a small amount of potash.

Under a tropical sun the excrement dries rapidly and undergoes

little change, whereas in moist climates fermentation speedily sets

in, resulting in a loss of nearly all the organic matter, while the sol-

uble alkalies and iihosphates are leached out. Guano may therefore

be divided into two main classes: (1) Nitrogenous, represented by

Peruvian guano, which has undergone little change; (2) phosphatic,
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ited by Baker Islam! guano, which has lost everything of

mammal value except the insoluble phosphate of lime. 1

Concerning the species of birds to which we owe these valuable

deposits, comparatively little accurate information is available, chiefly

because most of the islands arc mere rocks or reefs, uninhabited and
inaccessible, and seldom visited by ornithologists. Laysan Island, in

the Hawaiian group, which has been thoroughly explored, is known
to be the resort of myriads of albatrosses (PI. VII), man-o'-war birds,

pelicans, tropic birds, gannets, terns, and petrels. Besides these

species, shearwaters, gulls, and penguins occur in immense numbers
on some of the islands oil' South America and Africa.

The importance of guano as a fertilizer was recognized by the Pe-

ruvians more than three centuries ago. Under the Incas it was
held in such high esteem that the deposits on the Chincha Islands

were jealously guarded, and the birds which resorted to these rocks

were carefully protected. Indeed, it is said that the penalty of death

was indicted on anyone killing the birds near the deposits dining the

breeding season. Guano was the firsl of the artificial manures to be

used in large quantities, and hence may be said to have brought

aboul the modern system of intensive cultivation. The earliest ex-

periments with it in the United States seem to have been made in

December, 1824, with samples from - barrels distributed by Hon. John
s. Skinner, editor of the American Farmer. 3 Its introduction into

England in 1840 was due to Lord Derby. So rapidly did it increase

in favor thai ten years later the imports amounted to 200,000 tons.

It is estimated that this total has since grown to more than 5,000,000

tons. At the incept ion of the export trade in guano from the Chincha
Islands, about 1840, the supply seemed inexhaustible. The deposits

covered tlie three islands in some places t<> a depth of 90 or 100 feet,

estimated at 12,370,100 tons, according to an official survey made by

the Peruvian Government in 1S53. Put so great was the demand for

the new and powerful soil stimulant that this enormous quantity has

now been practically exhausted.

The extraordinary demand caused a rapid increase in the price.

By 1850 it had advanced in the United States to 850 or more per ton,

and negotiations were opened with the Peruvian Government in the

hope of securing a reduction in the rate. Failing to attain the object

in this way, American enterprise began to seek guano elsewhere, and in

1851 the deposits on the Aves Islands, in the West Indies, were taken

possession of by a Boston firm. Venezuela promptly seized the

islands, but after some correspondence abandoned her claim. Mean-
time, in September, 1855, the American Guano Company of Xew
York was organized, with a capital of 810,000,000, for the purpose of

'Aikman, Manures and Manuring, pp. 296-300, 1894.

American Farmer, VI, pp. 316-317, 1824.
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developing the deposits on Baker and Jarvis islands, in the South

Pacific; and on August 18, 1856, Congress passed an "act to authorize

protection to be given to citizens of the United States who may dis-

cover guano," 1 under which any citizen of the United States was

authorized to take possession of and occupy any unclaimed island,

rock, or key containing guano, upon filing a notice of such claim and

a bond to insure compliance with the requirements of the law. The

discoverers of such islands were entitled to exclusive rights to the

deposits thereon, but the guano could only be removed for the use of

citizens of the United States and at a price not exceeding $8 per ton

alongside the vessel, or 81 per ton on the spot. Imports were subject

to the laws governing the coasting trade of the United States, and the

Government was relieved from the necessity of protecting or retain-

ing possession of any island, rock, or key after the guano had been

removed. Thus far, claims have been filed to about seventj'-five

islands in the Caribbean Sea and the South Pacific, as shown by the

following list

:

IAst of guano islands now appertaining to the United States.*

[Bonded under act of August. 1856

PACIFIC ISLANDS.

America

Anne
Baker, or N e

w

Nantucket

Barber

Barren, or Starve

Bauman
Birnie..

Caroline

Christinas

Clarence

Dangerous..

Dangers Rock

David

Duke of York

Enderbury (Phoe-

nix group)

Farmer
Favorite

Flint

Flints

Frances

Frienhaven

Gallego

Ganges.

Gardner (Phoenix

group)

Latitude. Longitude. Name.

3 40 N.

9 49 S.

15 N.

8 54 N.

5 40 S.

11 48 S.

3 35 S.

9 54 S.

1 58 N.

9 07 S.

10 00 S.

6 30 N.

40 N.

8 30 S.

3 08 S.

3 00 S.

2 50 S.

10 32 S.

11 26 S.

9 58 S.

10 00 S.

1 42 N
10 59 S.

4 40 S.

159 28 W.
151 15 W.

176 30 W.
178 00 W.
155 55 W.
154 10 W.
171 39 W.
150 07 W.
157 10 W.
171 40 W.
165 56 W.
162 23 W.
170 10 W.
172 10 W.

171 08 W.
170 50 W.
176 40 W.
162 05 W.
151 48 W.
1(51 40 W.
156 59 W.
104 05 W.
160 55 W.

174 52 W.

Latitude.

Groninque

Ho\vland,'or Row-
land

Humphrey
Jarvis

Johnston

Kemn
Lideron

Low
McKean (Phoenix

group)

Mackin

Maiden

Mary Letitia

Mary
Mathew
Nassau

Palmyra
Penrhyn

Pescado

Phoenix

Prospect

Quiros

Reirson

Rogewein

Samarang
Sarah Anne

52 N.

10 40 S.

21 S.

4 41 S.

11 05 S.

9 &3 S.

3 35 S.

3 02 N.

4 00 S.

4 40 S.

2 53 S.

2 03 N.

11 30 S.

5 48 N.

8 55 S.

10 38 S.

3 40 S.

4 42 N.

10 32 S.

10 10 S.

11 00 S.

5 10 N
4 00 N.

Longitude.

lot! 44 W.

17(1 52 W.
160 52 W.
159 52 W.

173 41 W.
161 50 W.
170 38 W.

174 17 W.
172 46 W.
155 00 W.
173 20 W.
172 00 W.
173 26 W.
165 30 W.
162 20 W.
158 07 W.
159 20 W.
170 52 W.
161 3S W.
170 12 W.
160 53 W.
156 07 W.
162 20 W.
154 22 W.

1 11 Stat. L., 119. s From data on file in the Treasury Department.
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List of guano islands nun- appertaining to the United States-Continued.

PACIFIC ISLANDS—Continued.

277

Name. Latitude.

Sidney .Phu-mx

group)

Starbuck, or Hero

Staver

4 20 S.

.*> ;:'> S.

10 05 s.

Longitude. Name. Latitude.

171 00 W.
155 56 W.

152 1 I W.

Walker

Washington,

Uahuga —
3 58 N

Longitude.

149 in W.

t mi X. 160 0't W.

WEST IX DIES.

Anchor Key

Booby Key

Great and Little

Swan
Movant Keys

Sand.

Savanna. Seal
I

North Keys

North Bocks .

Pedro Keys

Petrel

Quito Soreno.

Boncador

Serrana Key

Serranilla Keys

(East, Middle,

Beacon)

Triangle Keys ...

11 20 X.

\: oo x.

i.-, .v.- x.

U 30 X.

13 33 X.

II (5 X.

15 :-"' X.

It 20 X.

80 26 W.

77 52 W.

78 33 W.

81 07 W.
80 03 W.
W) -M W.

79 40 W.
B0 05 W.

Fifty-four of these islands are in the Pacific Ocean (see map, PI.

VIII) the remainder in the Caribbean Sea or the Gulf of Mexico. Of

fche pacific islands. Baker ami Jarvis were bonded in L856 Rowland in

Barren, Christmas, Enderbury, Johnston, McKean, Maiden and

Phoenix in L859, and the others in I860. The Pacific islands are

Bituated between Longitude 150 and 178 W., the .Most northern

being the Johnston Islands, latitude LG 53 N.: the mos southern

Bauman latitude LI 48' S. Most of them are between the Society and

Hawaiian islands, and are chiefly small coral reefs, a mile or two in

ienffth, almost entirely destitute of vegetation. One of the most north-

ern guano deposits, widen has been successfully developed, is thai on

I aysan a small island 3 miles long by 2\ broad, in latitude 26°, which

has recently been acquired through the annexation ol Hawaii.

vs would naturally be supposed, the extenl and value of some of

the deposits were at firsl greatly exaggerated, while others proved to

have Little value, and, as in the case of the Alacran Rocks, in the

Caribbean Sea, were afterward abandoned. In an interesting article

on the Pacific guano islands. Hague, who had visited a number of them,

states that tin'- first cargoes of guano brought from the Johnston Islands

proved to be sand; that samples of guano from Christmas Island were

chiefly coral sand, and that the deposits on Starbuck, or Hero, consisted

of hvdrated sulphate of lime. Some of the islands are covered with

vegetation, and hence unsuited for the deposition of guano while

others, such as David, Farmer, Favorite, Flint, Samarang, Sarah Anne,

and Walker, Hague considered as probably nonexistant, at least in the

i Except Gallego, which is in the easteriiPa^nc in longitude t04< 03' and north-

west of the Galapagos Islands.
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positions usually assigned them on charts. 1 Still, during the thirty-

years from 1869 to 1898, 283,871 tons of guano, valued at $3,229,832,

were brought from the islands appertaining to the United States. The
production was very irregular, varying from a minimum in 1890 of

1,176 tons, worth $9,577, to a maximum in 1878 of 17,930 tons, valued

at $211,239. The returns for each year are shown in the following

table:

Guano brought from islands appertaining to the United States for the years ending

June 30, from 1S69 to 1S98, inclusive. 1

Year.
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country became settled and the value of birds better appreciated,

attempts were made to protect useful species, and also to introduce

other species that were thought desirable. The subject may therefore

be considered under three heads: (1) Measures for the destruction of

birds—bounty laws; (2) measures for the protection of birds—game

laws; and, (3) introduction of foreign birds.

MEASURES FOR THE DESTRUCTION OF BIRDS—BOUNTY' LAWS.

Efforts have been made since colonial days to exterminate certain

birds considered injurious to agriculture. The early settlers, seeing

their crops attacked by crows, blackbirds, and ricebirds, undertook

measures for bird destruction long before they thought of bird pro-

tection. Among the various relief measures Avere the curious scalp-

tax acts, which were intermittently in force in Virginia for more than

seventy years subsequent to 1734, and which required a certain num-

ber of bird scalps each year in lieu of taxes. In most localities, how-

ever, the apparently simple expedient of drawing on the county or

Slate treasury for the payment of rewards was more popular and more

generally adopted. Sixteen or more States (all but two east of the

Missouri River and north of latitude 36°) have waged a desultory

warfare against crows, blackbirds, hawks, owls, certain fish-eating

birds, and English sparrows. Crow bounties have been offered in

eight States, mainly along the Atlantic seaboard; hawk bounties in

ten. chiefly in the Middle Stales and in those along the Great Lakes,

premiums on blackbirds in Minnesota and New Jersey; on fish-eating

birds in Utah, ami on sparrows in Illinois, ."Michigan, Ohio, and Utah.

Until recently depredations on grain crops were the main cause of

hostility to birds; and the crow was the principal object of attack

down to the latter par! of the present century, in 1805 a crow-scalp

tax was in force in Virginia, under which taxpayers in five counties

were required to deliver three crow scalps annually or pay a penalty

of 44 cents for each missing scalp. In 1826 a premium of 8 cents on

crows was paid by some of the counties of Virginia, and two years

later by the whole State. Meantime, Delaware had authorized the

creation of a crow-bounty fund in Newcastle County as early as 1810,

and Xew Hampshire had established a premium of 12t|- cents on crows

in 1817-1819. Some years later Xew Hampshire reestablished the

rewards, and subsequently offered premiums of 10 cents in 1829,

1 0:2-1835, and 1849-1851. Maine followed next with an 8-cent bounty,

which was in force from 1830 to 1834. The only recent crow bounties

of consequence are those of New Hampshire (1881-1883) and Maine

(18S9-1891)—10 cents in each case.

From the earliest colonial times down to 1875 crows, blackbirds, and

bobolinks, or ricebirds, had been the main, if not the only, subjects

of adverse legislation, but in that year Delaware established the prec-

edent of paying premiums on hawks and owls by offering 50 cents

for all species except ' v fishhawks and mouse owls." These hawk
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bounties, which were very popular during the succeeding fifteen years,

have probably done more harm than an}7 others. In 1877 Delaware's

example was followed by Colorado with an act offering a 25-eent

bounty on hawks (in force until 1885) and by New Hampshire with

one offering a 20-cent bounty (in force until 1881). West Virginia

followed in 1881, Indiana in 1883, and Virginia in 1884. Finally, in

1885, Pennsylvania passed its famous scalp act, which resulted in

such large expenditures and such glaring frauds that it attracted

widespread attention, and was repealed eighteen months later. Since

then hawk and owl bounties have been far less popular, and the acts

which still remain on the statute books of three or four States are

practically dead letters, being enforced in only a few localities.

In 1887 attention was turned to the English sparrow as a legitimate

subject for bounty legislation. Michigan began by paying 1 cent

apiece for sparrows, and two years later increased the amount to 3

cents. Utah offered one-fourth of a cent apiece and Ohio 10 cents per

dozen in 1888, and both States doubled their rewards in 1890. Illinois

has paid 2 cents since 1891 on all English sparrows killed in Decem-

ber, January, and February. In 1896 Utah increased its bounty,

allowing 1 to 3 cents, and established a rate of 5 cents per dozen on

eggs. Sparrow bounties are still maintained in these four States, and

have resulted in large expenditures; but they have not exterminated

the English sparrow or even caused a perceptible diminution in its

numbers except in a fewlocalities. On the other hand, these bounties

have caused the destruction of a large number of native sparrows,

which have been killed for the sake of the rewards.

A dangerous precedent has recently been set by Utah in placing

premiums on fish-eating birds, such as fishhawks, herons, mergansers,

pelicans, and loons, in the interest of owners of fish ponds and hatch-

eries. The act has not been in force long enough to have much effect,

but experience in Europe has shown the abuses to which such laws

are subject and the evils in which they are likely to result.

The following table contains a list of the principal bounty laws on

birds which have been in force during the century; local acts, such

as the township bounties in Michigan, and the special county boun-

ties in Maryland, Virginia, and one or two other States, are omitted:

Principal bounty laws on birds in force from 1S00 io 1S99.

State.
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on birds in force front 1800 to 1899— Continued.

State.
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and owls in 1885-1887. Altogether it is safe to say that the systematic

destruction of birds in this country during the century has cost more
than $250,000, and most of this money has been spent by half a dozen

States during the last fifteen years. Since the exposure of the evils

of the Pennsylvania scalp act there has been a tendency to repeal

bounties on useful birds of prey, and so far as possible, to provide

against fraud. Premiums on crows and blackbirds have been practi-

cally abandoned, and almost the only important ones still in force are

those on the English sparrow.

MEASURES FOR THE PROTECTION OF BIRDS—GAME LAWS.

It was said some years ago that the United States had done less for

the protection of its birds than any other civilized country. If this

is still true, it certainly is not because of lack of legislation, for nearly

all the States have enacted game laws, and frequently changed them as

their defects have become apparent. Statutory law is notoriously

erratic and unstable, and with forty-eight States and Territories, each

attempting to protect its game in its own way, confusion has naturally

arisen. Protective measures have rarely, if ever, fulfilled expectations,

and consequently game and insectivorous birds have continued to

decrease. Federal legislation has been advocated as the only remedy,

but its feasibility is questionable, since the jurisdiction of Congress

in ordinary cases extends only to the Territories and Government
reservations.

The need of protective measures has long been recognized, and
although the uniformity attained by other countries has not been

secured in the United States, definite progress has been made, as will

be seen from the following brief review: In the present century Mas-

sachusetts, as early as 1818, enacted a law for the preservation of

game birds; Virginia in 1832 prohibited the killing of wild fowl at

night on the water and forbade the use of swivel guns; in 1850 Con-

necticut and New Jersey protected insectivorous birds; and in 1857

Ohio passed a comprehensive law protecting both game and insectiv-

orous birds and eggs of all species, and prohibiting the sale ofgame birds

during close seasons. Ity 1864 similar laws were in force in all the

States south to Maryland and west to Minnesota, excepting West Vir-

ginia and Indiana, and also in California. Several of these acts

related solely to game birds, and those of Illinois and Maryland were

enforced only in certain counties. 1 At the present day practically all

the States and Territories endeavor to j>rotect game, and most of them
extend protection to insectivorous birds.

CRITICISM OF GAME LEGISLATION.

Game laws have suffered in popular estimation because they have

not been systematically enforced; because, as sometimes alleged, they

'Dodge, Rept. Comrn. Agr., pp. 442-446, 18G4.
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are enacted for selfish ends, and because they lack stability and uni-

formity. The enactment of a game law is only a beginning, and

unless some one is charged with seeing that its provisions are carried

out, it is almost certain to be a failure; nor can it be entirely successful

unless supported by public sentiment. The appointment of salaried

game wardens has overcome the first difficulty to some extent.

Credit for much that has beeu accomplished in protective legisla-

tion is due to sportsmen and game associations, but their efforts have

not always been appreciated, and have even been misconstrued from

the belief that other interests have been overlooked. The relation- of

lie- sportsman to the farmer was aptly stated in the Stale senate report

on the Ohio game bill of 1801, as follows:

The genuine and honorable sportsman is the friend and ally of the agriculturist.

He will be found always ready to protect birds which are useful, destroy the rapa-

cious and hurtful, to prevent trespasses, and enforce the laws. 1 * * * The pur-«

suit of game can not be prevented, and it is useless to attempt it. It should be

regulated, and for this purpose the highest skill and knowledge of the habits of

birds and wild animals should be employed, the most reasonable and perfect rules

established by stature, and all should unite in their rigid enforcement. Any other

system will result in disappointment and failure.

The principles on which such statutes should be based were defined

as (I) protection of useful birds, other than game, at all seasons; (2)

protection of game birds in such maimer as to promote their reason-

able increase; (3) withdrawal of protection from species of doubtful

value; (4) use of well-known names in the statutes to avoid confu-

sion.'- Another common criticism is that game laws are subject to fre-

fluent change. This is, unfortunately, true, but there have been

notable exceptions, such as the ad recently repealed in the District

of Columbia, which remained in force twenty-one years, and the

Indiana and Louisiana statutes of 1881 and L877, respectively, which

are still in force. However, permanency without effectiveness is of

little value.

EFFORTS AT UNIFORMITY IX GAME LAWS.

Repeated efforts have been made to bring about greater uniformity

in the various State laws, including those protecting insectivorous

birds. The International Association for the Protection of Fish and
Game, organized in May, 1875, and comprising representatives from
thirty-eight States and Territories and Canada, prepared in 1877 a

simplified code of cooperative laws for presentation to State legisla-

tures, but then allowed the matter to drop. Between 1890 and 1896

half a dozen conferences of State commissions were held, but they

1 This relation is exemplified by the Connecticut Association of Farmers and
Sportsmen for the Protection of Fish and Game, which has for its objects not only

the preservation of game and the enforcement of game laws, but also the protec-

tion of farmers against trespassers and marauders who tear down fences or injure

stock. This association has been in existence ten years.

- Collins, Fifteenth Ann. Rept. Ohio Board Agr. for 1860, pp. 383, 390, 1861.
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accomplished little of permanent value, although at the Saratoga

meeting of 1896 no less than thirteen States were represented. In the

following year the " Hallock Code" of cooperative legislation was

advocated by Mr. Charles Hallock. This scheme divides the United

States into three " concessions

"

l (a northern and southern, compris-

ing States, respectively, north and south of latitude 36° 30' and east

of the Rocky Mountains; and a Pacific, including the region west of

the Rocky Mountains), in each "concession" the laws to he as uniform

as possible, the open seasons identical, and protection to be given

insectivorous birds, but withheld from blackbirds, bobolinks, crows,

hawks, owls, cormorants, pelicans, and English sparrows. 2

To a certain extent this idea was carried out by a convention of

game wardens and delegates from six Northwestern States held at

Chicago in February, 1898, which drafted a bill for the protection of

birds and game and agreed to urge its adoption by the resped ive State

legislatures. This bill was enacted by Illinois in 1899.

As an illustration of the present lack of uniformity in game laws

and the desirability of some such expedient as that provided by the

Hallock Code, the accompanying diagram (fig. 3) has been prepared,

showing the months in which woodcock (PhiloJiela minor) may be

killed in the United States. It will be noticed that twelve States

have no protective laws for this species, so that the birds can be killed

at any season; that while some States, like Michigan and North Da-

kota, limit the open season to six weeks, others extend it to six months

or more; and that in the South where the birds winter and begin to

breed early and thus need ijrotection most, protective measures are

least effective. The States are arranged in two groups, as suggested

in the Code.

SPECIAL RESTRICTIONS.

Game laws, pure and simple, when properly enforced, may be very

effective, as is wrell shown in the increase of such resident birds as

quail and introduced pheasants. Both species are occasionally pro-

tected by close seasons of several years' duration, and the open sea-

sons are usually short, that for quail averaging scarcely more than

two or three months. There seems to be a general impression that

migratory birds are so abundant that the}' require less protection, and

hence the open seasons for them are usually longer, those for ducks

ordinarily being five months or more. The result is becoming very

obvious in the recent marked decrease of these birds. It is interest-

ing to note that forty years ago the same plea was made regarding

the passenger pigeon, now practically exterminated. In a discussion

of the Ohio law of 1861 it was said the bird needed no protection.

1 " We call it ' concession,' because it is based on compromise and reciprocity."

—

Hallock.
2 Address before the National Game, Bird, and Fish Protective Association, 1897

(see Western Field and Stream, I, pp. 232-234, 1897).
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The passenger pigeon needs no protection. Wonderfully prolific, having the

vast forests of the North as its breeding grounds, traveling hundreds of miles in

NORTHERN STATES.
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Fig. 3.—Diagram illustrating lack of uniformity in game laws, as sliown by laws protecting
woodcock (Philoliela minor) in force in IS!)!): The unshaded area shows the months when wood-
cock are protected; the shaded area, the open seasons when shooting is permitted by law.

search of food, it is hereto-day and elsewhere to-morrow, and no ordinary destruc-

tion can lessen them, or be missed from the myriads that are yearly produced.

•Local regulations in seme counties provide a different season from that fixed by State law.
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* * * The snipe, too, like the pigeon, will take care of itself, and its yearly

numbers can not be materially lessened by the gun. The wild goose does not,

perhaps, need general protection, though if any linger here till near breeding time

they should be spared.

'

The chief causes of the decrease in game birds are spring shooting,

cold-storage traffic, and sale (during the close season) of birds imported

from other States. Of late years attention has been directed toward

the markets as the chief factor in game destruction, and in order to

prevent undue slaughter, the traffic in game has been restricted more

closely. Since the constitutionality of nonexpert laws was estab-

lished by the Supreme Court in 1896, 2 nonexport clauses have been

quite generally incorporated in game laws, and the shipment of game

from one State to another is now restricted or prohibited in more than

half the States. Subjecting cold-storage rooms to inspection has been

advocated, and laws limiting the quantity of game that may be killed

in a day or a season were enacted by Iowa, Minnesota, and Pennsyl-

vania in 1897, and Colorado in 1899. Killing game for sale was pro-

hibited by law in Tennessee in 18S9, and in Iowa and Pennsylvania

in 1897. It has even been suggested that the sale of game should be

prohibited at all seasons. This suggestion, advocated in 1894, 3

seems to have met with some favor, for it was incorporated in the

laws of Kansas and Vermont two or three years ago, and has been

taken up by the League of American Sportsmen.

The necessity for restricting the list of game birds is still very urgent

in certain States. In the markets of New Orleans everything that has

feathers seems to be regarded as legitimate game. In some States

robins, flickers, meadowlarks, and reedbirds are important items of

game, and in California, where true reedbirds do not exist, no less

than a dozen species of native sparrows and finches, masquerading

under the name of reedbirds, have been identified in the markets of

San Francisco. This difficulty is met by the "Act for the protection

of birds," proposed early in 1886 by a committee of the American

Ornithologists' Union, which limits game birds to the Anatidre

—

swans, geese, and ducks; Pallida?—rails, coots, and gallinules; Limi-

cola?—plovers, snipe, woodcock, sandpipers, and curlew; and Gal-

ling—turkeys, grouse, pheasants, and quail. Species not included in

these four groups are protected at all seasons, but provision is made
for collecting specimens for scientific purposes. This act was prac-

tically adopted by New York in 1886, by Indiana in 1891, and by

Illinois in 1899. With its exact definition of game birds and its pro-

tection of all other species, it does away with the difficulties attendant

upon the enforcement of laws protecting "song" or "insectivorous"

birds and obviates the necessity for special acts protecting species

that do not in'operly come within either of these groups. Florida and

> Collins, Fifteenth Ann. Rept. Ohio Board Agr. for 1S60, p. 387, 1861.

"Geer v. State of Connecticut, 1G1 U. S. 519.

3 Forest and Stream, XLII, p. 89.
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Texas have special acts prohibiting the killing; of " birds of plume,"

such as herons, egrets, and ibises; Maine, one prohibiting the killing

of terns; Maryland, Michigan, Oregon, Utah, and Virginia pro!

gulls; several States, notably Alabama, Illinois, Pennsylvania, and

Utah, have begun to protect birds of prey, and a majority of States

now protect "insectivorous'' birds. The uniform adoption of the

proposed act would greatly simplify legislation.

PEOSPECT FOR ENFORCEMENT OF GAME LAWS.

With the present widespread interest in birds, there is every reason

to hope that in future laws will not be allowed to become dead letters.

Fish and game commissions, sportsmen's associations, Audubon socie-

ties, farmers, and the general public are all interested in the cause

of bird protection. 1 In January, 1898, the League of American Sports-

men was organized for the special purpose of enforcing game laws and,

protecting song and insectivorous birds. This association, which is

composed of representative sportsmen in all parts of the United

States, advocates the propagation of game and the enactment of laws

licensing guns, limiting the killing of game, and prohibiting the sale

of game at all seasons.'2

INTRODUCTION OF FOREIGN BIRDS.

Much interest has been manifested in importing song birds and

game birds from other lands to supplement the list of native species

or replace those which are rapidly decreasing. Neither expense nor

failure prevents the frequent repetition of such experiments, although

scarcely half a dozen of the thirty or forty introduced species have

really become acclimated in the United Mates. Besides the English

sparrow and the European tree sparrow, a score or more kinds of song

birds and ten or twelve of game birds have been imported at various

times.

The introduction of the English sparrow (Passt r domesticus) is one

of the most familiar examples of acclimatization. Brought over to

the United States in 1850, the bird developed such a marvelous ability

to adapt itself to new surroundings and increased so rapidly that by

L870ithad gained a foothold in twenty States and the District of

Columbia, as well as in two provinces of Canada. At the present

time it is found in every State and Territory except Alaska, Arizona,

Montana, Nevada, and New Mexico. It is known everywhere as a

great pest, and Illinois, Michigan, Ohio, and Utah are now offering

bounties for its destruction. 3 The closely related European tree

1 For list of State officials and associations concerned with the protection of

birds and game, see Appendix.

Recreation, VIII, p. 233, 1S98.
3A full account of the habits and distribution of the English sparrow may be

found in Bulletin No. 1, Division of Ornithology and Mammalogy, 18S9; see also

the Yearbook of the Department of Agriculture for 1898, pp. 98-101.
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sparrow (Passer montanus) has been introduced at St. Louis, Mo.,

but has never spread to any extent. Twenty birds were imported in

1870, and the species is well established in the country immediately

about the city. It is much less objectionable than the English spar-

row, and is said to lack the fighting qualities which have made the

latter bird so unpopular.

Importation of song birds from Europe began about the middle of

the century. Thomas Woodcock, president of the Natural History

Society of Brooklyn, is said to have brought over a number in IS 10,

and the following season goldfinches, linnets, bullfinches, and sky-

larks were seen at Greenwood and in the suburbs of Brooklyn. The

last species survived two winters. 1 Early in 1853 John Gorgas liberat ed

42 skylarks at Wilmington, Del., and a number were set free at

Washington, D. C. 2 Allen states that in 1853 a considerable num-
ber of skylarks, wood larks, English blackbirds and other thrushes,

robin redbreasts, and goldfinches were set at liberty in Greenwood

Cemetery, New York. 5

Between 1872 and 1871 the Acclimatization Society of Cincinnati,

Ohio, spent about $0,000 in importing some 4,000 European birds,

belonging to about 20 species, but the experiment resulted in failure.

At nearly the same time the Society for the Acclimatization of For-

eign Birds liberated at Cambridge, Mass., a considerable number of

European goldfinches {Carduelis carduelis) and other species. About

1877 a number of starlings (Stiirnus vulgaris) were set free in Central

Park, New York, by the American Acclimatization Society. This was

followed by several similar experiments, only the last of which, in

1800, when 00 birds were released, seems to have been successful.

Goldfinches set at liberty at Iloboken, N. J., in 1878, appeared in Cen-

tral Park, New York, in the following year, and were found breeding

in 18SG. 4 In 1880 and 1802 the Society for the Introduction of Euro-

pean Song Birds, of Portland, Oregon, imported two lots of birds at

a cost of about $2,000. Some 20 species were represented, including

50 pairs of skylarks, 30 pairs of black thrushes, 35 pairs of starlings,

and 15 pairs of green linnets. As a result of these numerous impor-

tations, the European tree sparrow has become established in the

vicinity of St. Louis, Mo. ; the European goldfinch has been found

at various times in several places in eastern Massachusetts and in

Central Park, New York; the skylark has become acclimated on Long
Island, N. Y., and in the vicinity of Portland, Oregon; the starling

is slowly spreading up the lower Hudson Valley and has also gained a

foothold at Portland; a few other species are reported to be doing well

in Oregon, but all the rest have failed to survive.

1 Forest and Stream, XI, p. 406, 1878.

-Rept. Comin. Patents for 1833 (Agr.), pp. 70-71.

"Bull. Nuttall Orn. Club, V, p. 120, 1880.

4Adney, Auk, III, pp. 409-410, 1886.
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The introduction of game birds lias been far more successful than

that of song birds. The species include the English pheasant (Plta-

sianus colchicus), the ringneck or Mongolian pheasant (P. torquat.us),

the green pheasant (P. versicolor), the golden pheasant (Chrysolo-

phus pictus), the silver pheasant {Eaplocomus nycthemerus), the

capercailzie {Tetrao urogallus), the black grouse or black game (Ly-

rurus tetrix), the migratory quail (Coturnix coturnix), the partridge

{Perdix cinerea), the Indian black partridge, and the sand grouse.

Of these, the most important are the English and Mongolian pheasants.

The Mongolian and other Asiatic pheasants were sent to Oregon
from China by Judge O. X. Denny, formerly consul-general at Shang-
hai, and the first importation was apparently made in 1881. Most
of the birds died on the way and only 15 (12 males and 3 females)

reached Portland alive. These were liberated at the mouth of the

Willamette River, about 12 miles below the city. The second lot,

received in 1882 (?), comprised 35 or 36 ringnecks, which were set at

liberty 12 miles east of Albany, in the Willamette Valley. Nineteen

ringnecks were also liberated in 1882 at Victoria. 1 Golden and silver

pheasants were imported two or three years later and, with some ring-

necks, were placed on Protection Island, near Port Townsend, Wash.2

These four colonies all nourished, and from them birds were carried

to other parts of the Pacific coast. The Mongolian did far better

than the others, and increased so rapidly that in 1891, when complete
protection was removed, they had spread over a considerable part of

western Oregon. English pheasants have been imported mainly in

the Eastern States; some were liberated near Tarrytown, N. Y.,

about thirty-live years ago; 78 were tinned out on Jekyl Island,

near Brunswick, <ia., in L887, and these increased to 850 during the

following year; 3 others were introduced into New Jersey. Since

18'J0 there has been widespread interest in these experiments, and
pheasants (mainly Mongolian) have now been introduced into at

least twenty-five States and have increased rapidly through protec-

tion laws and the establishment of pheasantries for their propaga-

tion. Of the other species, little need be said. About 1881, 3 sand
grouse were Liberated near Portland, Oregon, and farther west on
the Clatsop Plains, but all promptly disappeared. An importation

of Indian black partridges was made in 1891, but onl}- 3 lived to reach
their destination, at Macomb, 111.

4 The black grouse has been liber-

ated in Newfoundland and in Vermont and elsewhere in the Eastern

United States. Recently the capercailzie has been introduced in the
Adirondacks. European quail have been introduced several times,

1 Forest and Stream. XXXV, p. 28, 1890.

-Ann. Kept. Dept. Agr. for 1888, pp. 484-488.
3 Forest and Stream, XXXI. p. 221, 1888.
4 Ibid.. XXXVII. p. 123, 1891.

1 A 99 19
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and in 1879 nearly 3,000 were distributed in various places in New
England and the Middle States, 1 but all disappeared after a year or two.

In Hawaii foreign birds have been introduced from both Asia and
America. They include the Indian mina (Aeridotheres tri.stis), the

Java sparrow (Munia ory.zivora), old world pheasants, the eastern

turtledove (Turfur chinensis) and two species of herons from China,

the house finch (Carpodacus mexieanus frontalis) and California

quail (Lophortyx californicus) from California, the rice bird, and
the English sparrow. 2 Of these, the mina and the English sparrow

are the most abundant, and display the same well-known traits which

have given them an unenviable reputation elsewhere. The native

birds comprise about a hundred species, and among those peculiar to

the islands are some of very great interest, but which, unfortunately,

are rare. Since the advent of the mongoose and of the introduced

birds, some of the native species have been still further reduced in

numbers, and apparently are in danger of extermination in the near

future.

In the eagerness to acquire new birds, the risk of importing unde-

sirable species has been overlooked, and even the lesson of the English

sparrow has not been enough to impress on the general public the

dangers of ill-advised acclimatization. But the acquisition of Hawaii

and Puerto Rico, both suffering from the introduction of the mongoose,

has given new importance to the subject of acclimatization, and has

shown the necessity, not only of preventing the pests already on these

islands from being brought into the United States, but also of pro-

tecting our new possessions against future experiments in the intro-

duction of dangerous species. If we are to escape the losses which

have been suffered in the Australian colonies, and especially in New
Zealand, some restriction must be placed on the introduction of exotic

species, as is now done in Western Australia. Attention has been

called to this question, and it is to be hoped that the suggestion that

such experiments be placed under the control of the Department of

Agriculture will receive the approval of Congress at an early date. 3

Summary.

The history of American ornithology may be traced back to the

middle of the sixteenth century, but the chief progress in the science

has been made during the last hundred years. So assiduously have

our birds been studied that the avifauna of few regions is better

known than that of the Eastern United States. With the growth

of ornithology, the economic relations of birds, and especially their

relations to agriculture, have attracted more and more attention.

During the last half century "economic ornithology" has become

Forest and Stream, XII, p. 371, 1879.

-Ray, Osprey, IV, p. 1, September, 1899.
8 Ann. Rept. Dept. Agr. for 1886, p. 258; Yearbook Dept. Agr. for 1898, p. 108.
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gnized as a special branch of the science and has undergone

rapid development. The relation of birds to agriculture depends

tily on the character of their food, and this is determined in

tral ways: (1) By field observation; (2) by experiments on birds

recently captured, and, (3) by examination of stomach contents in

the laboratory—the latter the most complete and satisfactory method.

Thus far, about 2ti,000 birds' stomachs have been examined, ami

data arc now available for determining- the extent to which a hun-

dred or more important species are useful or injurious. The English

sparrow and several hawks and owls have been condemned, but only

six or eight species in all have thus far been found injurious, while

>ral birds commonly considered injurious have been shown to be

beneficial.

The harvesting and commercial utilization of bird products has

! marked by great waste and a reckless disregard for the future?

The game markets, the egg trade, and the millinery trade have all

made heavy drafts on our native birds, and have decimated some-

useful or conspicuous species and forced others to the verge of extinc-

tion. This is particularly noticeable in the case of the passenger

pigeon, the egrets of the South, and the terns of the Atlantic coast.

mpts ate now being made to place the killing and sale of game
under proper restrictions; the trade in sea birds' eggs has been cur-

tailed, and wide publicity has been given to the enormous slaughter

of birds exacted by the demands of fashion. The guano trade, which

resulted in the acquisition of a number of islands whose product

was valued at more than 13,000,000, is now largely a thing of the

past, owing chiefly to the depletion of the deposits, although the

fact that better artificial fertilizers can now be had at lower rates

than natural guano is also partly responsible for this result.

Legislative measures early in the century took the form of bounty
acts directed toward the destruction of birds, but most of these have
now been withdrawn, except in the case of the English sparrow. Pro-

tective measures, commonly known as ''game laws," have multiplied,

and protection is now extended not only to game birds but also to

tivorous species and in some States to birds of prey. That these

efforts have not accomplished more, is mainly because the laws have
lacked uniformity and have not been properly enforced, but the

last decade has certainly witnessed some progress along these lines.

Efforts have also been made to supplement State laws by federal legis-

lation restricting interstate traffic in game killed in violation of State

regulations, but although several bills embodying this principle have
been considered by Congress none have as yet become laws.

Experiments in the introduction of foreign species have not met
with unqualified success. English and Mongolian pheasants have
been 'added to the list of game birds, and the European skylark, star-

ling, and tree sparrow have gained a slight foothold in a few localities,
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but we have also acquired the English sparrow, one of the worst of

feathered pests.

With the present knowledge of the economic, relations of birds

based on thorough scientific investigation, and with the recent expe-

rience of the effects of indiscriminate slaughter and unrestricted accli-

matization, there is every reason to hope that practical questions in

economic ornithology will hereafter receive more careful and intelli-

gent consideration.



PROGRESS OF FORESTRY IN THE UNITED STATES.

By GlFFORD PlNCEOT,

Fori

ATTITUDE OF THE PIONEERS TOWARD THE FOREST.

The sentiment for forest protection was strong among the early set-

tlers of the United States. In Massachusetts repeated enactments

provided for the care and prol sction of the forests adjacent to the

various communities. In New Jersey laws against forest fires took

their places very early upon the statute books. In Pennsylvania the

founder of the Commonwealth made it a condition that, of all land

acquired .from him, 1 acreof forest should be left standing for every 5

acres cleared. This conspicuous care for the forest in regions where

at first it was a hindrance rather than a help to the gaining of a live-

lihood is explained by t he early associations of the settlers. They
came from a country where wood was comparatively scarce, and
where the penalties for its destruction were severe and severely

enforced. The respeel for the forest which had been bred in their

ancestors by the early English game laws, and continued in themselves

enactments of extreme rigor, was broughl over almost without

change to their new land, hut it was not destined to last. A growing

realization of the vast resources at their command, together with the

bitter struggle of the farmer against the forest in the early days,

gradually replaced care with carelessness, and respect with a desire

for destruction. The feeling bred by the battle against the forest

began to take a dominant place in the minds of the people and to pre-

pare that mental attitude which is still responsible for the greater

part of the forest destruction even yet in almost undiminished prog-

over by far tin- larger part of the United States.

EARLY PROTEST AND ACTION AGAINST FOREST DESTRUCTION.

Following the spread of forest destruction came protest and action

against it. In the last decade of the eighteenth century the New-

York Society for the Promotion of Agriculture, Arts, and Manufac-

tures, and in the first years of the nineteenth, the Massachusetts

Society for the Promotion of Agriculture, took action, inspired by a

desire to protect and promote the growth of forests. In 17D9 Con-

gress passed an act for the purchase of timber suitable for the use of

the Navy, or of land on which such timber was growing. This law,

293
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reenacted in 1817 and supplemented in 1820, 1822, 1S27, 1828, and 1831,

led to the purchase and partial protection of 244,000 acres of forest-

bearing land in Florida, Alabama, Mississippi, and Louisiana, and,

in Florida, to some partially successful efforts at the culture of the

live oak.

DEVELOPMENT OF A FOREST POLICY.

Immediately following- the civil war came a development of rail-

road building without parallel in the history of the world, and with

it a coincident extension of the lumber trade and of forest destruc-

tion. Agitation followed it feebly and at a distance, but not without

planting the seed from which the present agencies for forest protec-

tion have sprung. In 1807 horticultural and agricultural societies in

Wisconsin appointed a committee to report on the results of forest

destruction, and two years later the Board of Agriculture of Maine

took action toward the formulation of a forest polic}1
" for the State.

Laws for the encouragement of tree planting were passed between

1868 and 1874 in nine Western and two Eastern States, and in 1873,

1874, 187<i, and 1878 Congress passed and amended the timber-culture

acts, which provided for the granting of homesteads to settlers who
planted one-fourth of their entries with certain specified kinds of

trees. The very mediocre results of these measures led to their

repeal in 1891.

In 1831 , under the act of that year, a partial oversight and protection

of the public timber lands was assumed by the Solicitor of the Treasury,

acting through the regular agents of the Department. This function

was transferred in 1855 to the General Land Office, in the Department

of the Interior, where it has since resided. Under this system cases

of deliberate trespass were settled by payment of the stumpage value

of the timber unlawfully taken, while cases of unintentional trespass

were satisfied by actual entry, with the payment of customary entry

Express appropriation for the pay of special timber agents was

not made until 1872, when 85,000 was appropriated, and this amount

was continued annually thereafter until 1878. The ineffectual work-

ing of the system was recognized in that year by an appropriation of

$25,000 to meet the expenses of suppressing depredations. Appro-

priations for this purpose were afterward increased to a maximum of

$120,000 in 1893.

The same act which repealed the timber-culture laws contained a

clause, whose insertion was due largety to the efforts of members of

the American Forestry Association, by which the President was au-

thorized to set aside "any part of the public lands wholly or in part

covered with timber or undergrowth, whether of commercial value or

not, as public reservations, and the President shall, by public procla-

mation, declare the establishment of such reservations and the limits

thereof." Under the provisions of this clause, which may fairly be
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described as the first marked step toward a national system of

forestry, the reservations shown in fig. 4 wore set aside. The
, nrc of some 18,000,000 acres of forest reserves, wholly without

care or management by the Government, was perhaps the primary

cause which led the Secretary of the Interior, in February, 1896, to

address to the president of the National Academy of Sciences a request

for an investigation and report upon the "inauguration of a rational

forest policy for the forested lands of the United States," and upon
the questions which underlie it. In reply, Dr. Woleott Gibbs recited

the difficulties of the undertaking and the best means of surmounting

them, and expressed his willingness to comply with the Secretary's

request.

The result of this correspondence was, on the pari of the academy,

the appointment of a committee of seven, of whom six were chosen from

among its most distinguished and experienced members, the scvenfh

being a professional forester, and on the part of the Government, the

appropriation of $25,000 to defray the committee's traveling and other

expenses. All its members served without pay. After a summer spent

in active examination of forest reserves, proposed and established, on

the ground, the committee recommended as a preliminary step the seg-

regation of eleven new reserves with a total area of somewhat more

than 21,000,000 acres. These reserves were established by the Presi-

dent on February 22, 1897. The wording of the proclamation led

many persons to believe that tic lands reserved were to be wholly

withdrawn from every sort of use and development, a belief carefully

fostered by some who. for reasons of their own, were opposed to the

pves. No pains were taken to enlighten the public upon this point

until the harm had been done. The report of the committee, whose

appearance would have done much to set matters straight, was not sub-

mitted antilMayl of the same year. Vigorous and even violent attacks

upon the President and upon the committee and its members became

frequent in Congress and culminated, after a spirited fight, in a pro-

vision of law which suspended the action of the proclamation of the

new reserves, except in the State of California, until March 1 of the

succeeding year (1898). In the meantime public sentiment concern-

ing the reserves underwent a remarkable change. Abetter under-

ling of their objects and a knowdedge of the new law (act of

June 4, 1897), which regulated their use in practical accord with the

principal recommendations of the committee, spread throughout the

West. A further official study of the reserves, while it suggested

certain modifications of their boundaries, served to confirm their desir-

ability as a whole, and an attempt to continue the suspension beyond

March 1 failed completely. Instead, the estimate of the Secretary of

the Interior for their care and preservation was more than doubled

by the appropriation of si 75, 000 in Congress for that purpose, and

shortly after President McKinley proceeded to establish further
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Fig. 4.—Forest reserves and national pprks: land 2, Yellowstone Park Timber Land Reserve,
Wyoming, 1,239,040 acres; 3, White River Plateau Timber Land Reserve, Colorado. Li
acres; 4 and 35, Pecos River Forest Reserve, New Mexico. 431,010 acres; 5 and 6, Pikes Pe?k
Timber Land Reserve, Colorado, 184,320 acres. 7, Bull Run Timber Land Reserve, Or
142,080 acres: 8, Plum Creek Timber Land Reserve, Colorado, 179,200 acres: 9, South Platte
Forest Reserve, Colorado, 683,520 acres; 10, San Gabriel Timber Land Reserve, California,
555,520 acres; 11. Battlement Mesa Forest Reserve, Colorado, 858.240 acres; 12, Afoguak Forest

I Fish-Culture Reserve, Alaska, 403,010 acres; 13, Sierra I". irest Reserve, California, 4.000,000
aires; 15, GrandCanyon Forest Reserve, Arizona, 1,851,520 acres: 1(5, San Benardun Forest
Reserve, California. 737,280 acres; 17 and 40, Trabuco Canyon Forest Reserve. California,
109,920 acres; 18, Cascade Range Forest Reserve, Oregon, 4,492,800 acres: 10. Ashland Forest
Reserve. Oregon, 18,560 acres; 20, Stanislaus Forest Reserve, California. 691,200 acres; 21. San
Jacinto Forest Reserve. California. 73L280 acres; 22, Bitter Root Forest Reserve, Idahoand Mon-
tana, 4,147.200 acres; 23, Priest River Forest Reserve, Idaho and Washington, 645,120 acres;
24 and 39, Black Hill, Forest Reserve. South Dakota, 1,2x1,680 acres; 25, Uintah Forest Reserve,
Utah, 875,520 acres: 20. Washington Forest Reserve. Washington, 3,594,240 acres: ;.'7. Olympic
Forest Reserve, Washington. 2,188,800 acres; 14, 28, and 44. Mount Rainier Forest Reserve.
Washington, 2,027,520 acres; 29, Big Horn Forest Reserve. Wyoming, 1,127,680 acres -

30, Teton
For.

, 829, Hi) acres: 31, Flathead Forest Reserve, Montana. 1,382, W0 acres:
32, Lewis and Clarke Forest Reserve. Montana, 2,926,080 acres: :!3 and 30. Pine Mountain and
Zaca Lake For

. < lalifornia, 1,044,504 acres; 34 and 47, Prescott Forest Rest rve. Ari-
zona, 423.680 acres; 37, San Francisco Mountains Forest Reserves, Arizona, 975,360 acre;

tesa Forest Reserve, Arizona. 1,658,880 acres: 41, Fisl. Lake Forest Reserve, Utah,
67,840 ;i< res; 4'.', Gallatin Forest Reserves, Montana, 40,320 1 en - :

; ;. Gila River Forest Re erve,
New Mexico. 2,327,04 I acres; 45, Lake Tahoe Forest Reserve, l California, 136,335 acres; 46, Santa
Ynez Forest Reserve, California, 145,003 acres. Total. 46,983,969 acres. The numbers on the
map refer to proclamations creating or modifying reserves: Lence, some of the reserves have
more than one number.
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Fig. 1 .—Typical Forest in Stanislaus Forest Reserve, California. Prevailing

Species Jeffrey Pine, with a few White Fir and Incense Cedar.

Fig. 2.—General Forest View in Stanislaus Forest Reserve, California. Open
Forest of Yellow Pine, mixed with White Fir, Sugar Pine, and Incense

Cedar.
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reserves. The area of all the reserves established by him up to Janu-

ary 1, 1000, is 6,708,425 acres.

The work of the committee of the National Academy of Sciences,

while it failed of much that it might have accomplished, nevertheless

was the spring from which the present activity in forest matters was

derived. The proclamation of the reserves which it recommended
drew the attention of the country as nothing else had ever done to

i lie question of forestry. Vigorous discussion of forest matters by the

public press led to a widespread interest, and that in turn to a keen

appreciation of the value of forests in the economy of each State, and
to a willingness to lake measures to protect them. It may fairly be

assumed that, as one of the results of this awakened interest, the

policy of making Government forest reserves is now established

beyond the reach of further question. (PI. IX.)
4

ADMINISTRATION OP THE NATIONAL FOREST WORK.

One of the consequences of the controversy which ended in the

retention of the reserves was the division of the responsibility for

them h stweentwo bureaus of the Department of the Interior, and t lie

consequent separation of the forest work of the Government into

three unrelated parts. As the matter now stands, the General Land
Office is charged with the administration and protection of the reserves,

the United States Geological Survey maps and describes them, and
the Division of Forestry of the Department of Agriculture, in which

are all the trained foresters in the Government service, has no rela-

tion whatever to this most important branch of the Government's

forest work, except as the officers of the Department of the Interior

may incidentally apply for assistance or advice. The connection of

the United States Geological Survey with the forest reserves is

obviously a temporary one, which will cease when the work of map-

ping and description is at an end; but the complete separation between

the administration of the reserves in the General Land Office and

the force of trained foresters specially equipped for that purpose in

the Division of Forestry constitutes what is perhaps the most serious

defect in the present organization of the federal forest work.

The force employed for the care and protection of the forest reserves

under the General Land Office consists of 9 superintendents, 39 super-

visors, and a number of forest rangers, which in summer attains 350,

but which varies with the seasons and the danger from lire. Protec-

tion against lire, the foremost enemy of forests in America, is the

ii! si pressing and important duty which devolves upon this force.

The law of June -1, 1897, from which the Secretary of the Interior

derives his powers concerning the reserves, confers upon him, and
through him upon the Commissioner of the General Land Office, every

necessary authority and power for their management by whatever
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methods lie may deem best. Legally there is no obstacle to the intro-

duction of the most practical and approved ways of handling forest

lauds.

NATIONAL PARKS.

While the national parks, speaking strictly, do not at present form

a part of the forest system of the United States, still, since one of

their prime objects is the protection of the forests Avithin their bound-

aries, they fall naturally within the sphere of the present paper.

They differ from forest reserves chiefly in the fact that no lumbering

can be carried on within them, that the mining laws, except in the

case of the Mount Rainier National Park, do not apply to them, that

their game animals are fully protected, and that they are under the

care of the troops of the Regular Army, assigned to that duty by the

Secretary of War, but under the orders, for that purpose, of the Secre-

tary of the Interior, and reporting to him.

The best known and the largest of the national parks is the Yel-

lowstone, with an area of 2,142,720 acres, located in Wyoming, with

small portions in Montana and Idaho. The others are the Yosemite

National Park (907,680 acres), the Sequoia National Park (161,280

acres), and the General Grant National Park (2,560 acres), all in Cali-

fornia, and the Mount Rainier National Park (207,360 acres) in

Washington.

PRIVATE FORESTRY. .

The development of practical forestry in the United States has pro-

ceeded until recently along three principal lines—private, State, and

national. Contrary to the general rule in other countries, practical

forestry here began first on private lands and wholly without relation

to governmental action. Apart from the attempts of lumbermen in

the Eastern spruce regions, many of which were successful, to cut

their timber so as to get a second crop, the first instance of systematic

forest management in the United States occurred on the land of Mr.

George W. Vanderbilt at Biltmore, N. C, beginning in 1892. (PI.

X.) From that time, although the work at Biltmore still continued

steadily and successfully, until the middle of 1898 the application of

forestry to large private tracts made little progress. Since then, under

the impetus of an offer of advice and assistance from the Division of

Forestiy, private owners have taken the matter under advisement in

considerable numbers, and practical work has already been under

way, at the present writing, on considerable areas for more than a

year. On January 1, 1900, the total area for the management of which

assistance had been asked of the Division of Forestry was more than

2,000,000 acres. Lumber companies and forest-owning associations

as well as individuals are directing their attention with increasing

seriousness and frequency toward practical forestry.
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While private forestry has thus been making noteworthy and rap-

idly accelerating progress in the recent past, practical forestry on

Government land during- the same period has not advanced beyond
the incipient stages of forest protection. Nor are any of the States

more advanced.

STATE FORESTRY.

Practical forestry has not yet been introduced <>u any Stale forest

land, and even New York, which owns about 1,250,000 acres in the

Adirondack and the Catskill mountains, has not yet progressed beyond
1 he stage of simple protection. To have reached this, however, is a long

Le in advance. The constitution of New York forbids the catting,

destruction, or removal of any tree on the '"forest preserve," as the

lands definitely assigned to forest uses held by the State are collect-

ively called, a provision which is quite as effectively opposed to prac-'

tical forestry as it is to forest destruction, and which must be regarded

as purely temporary in character. The forests of the State, as well

as its salt-water and fresh-water fisheries and its game animals and
birds, are under the cart' of a commission of fisheries, game, and for-

appointed by the governor, having under it a superintendent and
a corps of subordinates in the woods. The sincere interest of the

pie of New York in the foresl preserve is indicated by the recent

appropriation and expenditure* »,000 to increase the area of

the preserve by purchase.

In Pennsylvania the acquisition of wild lands by the State for for-

esl uses 1ms become an established policy, and bids fair to result in

the control and management of an area not greatly inferior to the

forest preserve of New York; and Pennsylvania has no legal bar to

practical forestry. Michigan lias recently taken steps in the same
direction, and several other States have taken or seem about to take

similar action. It may be said of the forested States in general that

public sentiment is moving rapidly toward a satisfactory treatment

of the question of State forest lands.

The following is a list of States which exercise control of forest

matters, with the respective authorities through which such control

is exercised in each:

; i'orxia.—University of California. A State board of forestry was creatcl in

. but was abolished in 1892, its experimental groves passing under the

present control.

KADO.—Fisb and game commissioner. A commissioner of forests was created

in 1885. This office lasted for six years. Appropriations never more than

$2,000.

Kansas.—State forest commissioner since 1

Maine.—State auditor, ex-omcio forest commissioner, since 1891. This officer,

though greatly restricted by the smallness of bis annual appropriation of $400,

exerts important influence through bis published reports and by bis adminis-

trative work in carrying into effect the excellent fire law of the State.
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Massachusetts.—The State board of agriculture, which acts also as a board of

forestry.

Michigan.—Permanent commission of thrae members, serving without pay, but

receiving traveling and other official expenses, was created in 1899.

Minnesota.—State forestry board, created 1899. cooperating with town and county

boards, and consisting of nine members.

New Hampshire.—Forest commission, established in 1893. This is the outcome
of two preliminary commissions of investigation, the first of which was
appointed in 1885 and lasted four years, and the second, appointed in 1889.

lasted two years. It consists of the State governor, ex officio, and four other

members.

New Jersey.—State geologist. No independent forest officer.

New York.—Fisheries, game, and forest commission. There have been three

commissions. The first was created in 1885, and was known as the '-Slate

forest commission." It was remodeled in 1893, the number of its members
being increased from three to five. In 1895 the forest commission and the

fish and game commission were consolidated under the present tit'e.

North Carolina.— State geological survey. No independent forest officer.

North Dakota.—Superintendent of irrigation and forestry since 1891.

Ohio.— State forestry bureau was created in 1885.

Pennsylvania.—Commissioner of forestry, appointed in 1893. On the creation

of the State department of agriculture in 1895 a division of forestry was pro-

vided for, of which the forest commissioner became chief.

FOREST- EIRE LEGISLATION.

The legislation enacted by the various States with the object of

preventing damage from forest fires is, on the whole, of a very satis-

factory character. The main difficulty lies in the unwillingness or

inability of the authorities in the various States to enforce the laws

as they stand. Legislation is in most cases in advance of public

opinion, but the latter is making very rapid progress. Among the

best forest-fire laws are those of Maine, New Hampshire, Minnesota,

New York, Pennsylvania, and Wisconsin.

The provisions of the New York law direct the appointment by the

fisheries, game, and forest commission of a firewarden in each town in

the counties comprising the forest preserve. Where special liability

to injury from fire exists, the firewardens are required to divide their

towns into two or more districts and to appoint one district firewarden

for each. On the outbreak of a forest fire firewardens are directed to

summon persons to assist in putting out or checking the fire, and no

action which they may take to this end shall constitute a trespass.

The firewardens and their assistants receive a fitting compensation

for the time actually employed at the fire, the expenses being borne

half by the town and half by the State In towns not within the coun-

ties comprising the forest preserve supervisors of towns are made ex-

officio firewardens. In addition to these safeguards the law makes it

a misdemeanor to fire woods or waste lands belonging to the State or

to another, whether willfully or negligently, if such fire results in
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Fig. 1.—The Effects of Fire after Lumbering in Northern Minnesota.

Fig. 2.— Forest Land in Minnesota Devastated by Fire.
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injury to woodland, and punishes the offender by a fine not exceed-

ing $250 or Imprisonment not exceeding one year, or both, besides

awarding damages to the person injured.

The Minnesota law is very similar in general effect, but there is

rather more central authority. The pay of the county wardens is not

left to the counties, though not a dollar can be paid them without the

approval of the county commissioners. The pay is limited to *:? per

day, but can not exceed $15 a year. The chief firewarden, who lias

administrative control of all matters pertaining to the extinguishment

of fires, secures the services of settlers to act as wardens in the unor-

ganized territory. Minnesota has this advantage: That her forest-

fire officials receive their pay more promptly than elsewhere, and thus

take a more live interest in the performance of their duties. PL XI
shows effects of fire in Minnesota.

THE DIVISION OF FORESTRY.

In L873 a committee of the American Association for the Advance-

ment cf Science was appointed "to memorialize Congress and the

several Shite legislatures upon the importance of promoting the culti-

vation of timber and the preservation of forests, and to recommend

proper legislation for seeming these objects." This action was fol-

lowed by the appointment, in L876, of Dr. franklin B. Hough, of

Lowville, N. Y., who max- he considered historically, although not

literally, as the first chief of the presenl Division of Forestry of the

Department of Agriculture. Dr. Hough's duties were "to ascertain

the annual amount of consumption, importation, and exportation of

timber and other forest products, the probable supply for ful are wants,

the means besl adapted to the preservation and renewal of forests, the

influence of forests on climate, and the measures that have been sue-

fully applied in foreign count ries or that may be deemed applicable

in this country for the preservation and restoration or planting of

forests, and to report upon the same to the Commissioner of Agricul-

ture, to l»e by him in a separate report transmitted to Congress." In

1883 Dr. Hough was succeeded by Mr. X. II. Egleston, who in turn

was followed, in 1886, by .Mr. I>. E. Fernow, who continued to direct

the work of the Division until July I, 1898.

At first and until recently purely a bureau of information, the Divi-

sion of Forestry has become within the last eighteen months an active

participant in practical forest work in the woods throughout the

United States. Among the three federal organizations concerned

with forest work (see page 297), the Division of Forestry is alone

responsible for the progress of the science and art of forestry and for

the vast interests which are involved in the spread of conservative

forestry over the enormous private holdings of forest land in the

United states. Its work has recently been reorganized throughout.

This reorganization, together with the fact that the position and



302 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

practice of the Division are largely typical of the present attitude of

the Government toward forestry, makes requisite a somewhat ex-

tended description of its work.

The work of the Division is now chiefly in the field. Its office work

is organized on a scale sufficient to support the field work and secure

its best results, but the principal scene of its activities is in the woods.

At present all the work of the Division is assigned to four sections,

each with a man of special knowledge and qualifications at its head.

These are the sections of working plans, of economic tree planting, of

special investigations, and of office work. The following extract

from the Annual Report of the Secretary of Agriculture for the year

ending June 30, 1899, describes in sufficient detail the lines along

which the work of the Division is now organized. The total appro-

priation for the year named was $28,520.

PRACTICAL ASSISTANCE TO FARMERS, LUMBERMEN, AND OTHERS.

Last October a circular was issued (No. 21 of tlie Division of Forestry) offering

advice and practical assistance to farmers, lumbermen, and others in handling

their forest lands, with a view to bringing about the substitution of conservative

for destructive methods. This offer provided for the preparation of working

plans, with full directions for work and with practical assistance on the ground,

without cost to the owners of wood lots, but in the case of larger tracts requiring

the owners to meet expenses for travel and subsistence, and for the necessary

helpers for the agents of the Division while in the field.

During the year applications were received from 123 owners in 35 States for the

management of 1,513,592 acres. Of these applications, 48 were for large tracts

covering together 1,506,215 acres, the remainder being for wood lots.

Personal attention on the ground was given to 41 tracts, covering about 400,000

acres in 19 States. , The contribution of private owners to the expenses of this

work was about §3,000.

It was found possible for the owners of a majority of these tracts to carry out

the working plans without personal assistance, but 15 of them required the active

participation of the Division. On two of the latter, comprising 108,000 acres, the

working plans were put into execution early in the year, and the first year's work
has been successfully completed. The second year's work is being pursued under

very favorable conditions.

As a result of a calculation, based on exact measurements, of the amount of

lumber wasted by the prevailing practice of cutting high spruce stumps in thp

Adirondacks, there has been a decided change for the better on certain tracts, and

at the same time a great reduction in the amount of young spruce cut for road

building has been brought about. These are important changes.

In connection with the preparation of the workingplans for the two large tracts

in the Adirondacks, a special study has been made of the growth and production

or the spruce on the eastern side of the mountains and of birch and maple on the

western slope.

Of the total amount of land submitted for working plans, about 1,200,000 acres

have not yet been examined. These tracts will be considered during the ensuing

year as fast as the very inadequate force of the Division will permit, and working

plans will be made for a selected number.
The Division has bjen thoroughly equipped with instruments for field work, in

which it was wholly lacking at the beginning of the year.
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M MKRCIAL TREES.

During the year five species of commercially valuable trees have been studied

to determine their rate of growth and to ascertain their special qualities in for-

estry. The more important of these studies relate to the loblolly pino in North

Carolina, a tree of the (irst economic importance, and the red fir in Washington,

I Douglas fir, yellow fir, Oregon piue, etc.. one of the most valuable and

widely distributed trees cf the world. These studies have met with the cordial

approval of lumbermen, and much practical assistance has been rendered by them.

In addition, the study of the coast redwood in California has recently been begun,

and later, if enough money can I e saved for that purpose, the white oak and the

hickories will be taken up.

ECONOMIC TREE PLANTING.

The planting of experimental plats in cooperation with State agricultural exper-

iment stations has been discontinued, and the station ; have taken over the planta-

tions and assumed the responsibility for them. This was done after a thorough

study of the old plan, after careful examination of the plantations at nine of the

eleven stations, and with the acquiescence of the authorities of every station.

Two other lines of work have taken the place of experimental tree planting. One
is a careful study of the results of the planting already done, in which all the

tea used in the cooperative plantations are represented, and from which prac-

tically all the Jesuits to be expected from them after many years may be gathered

without delay and far more cheaply; and the other the giving of practical assist.

i i under the t rms of an offer (set fortii in Circular No,

Division of Forestry) similar to that made to forest owners.

Close relations have been established with five of the most competent men in

treeless regions, and these gentlemen are preparing reports on subjects of

direct interest to tree planters.

In addition to the studies now being pursued. the work of the present year will

in great measure be devoted, first, to giving practical assistance to tree pla.:

in the selection of the proper trees to plant and in planting them rightly, and,

secondly, to an attempt to determine the true effect of bars and wooded or brush-

covered slopes on the run-off of streams. The vast interests affected by the solu-

tion of this difficult problem will justify the most persistent and careful work.

SPECIAL INVESTIGATIONS.

Forest fires have been studied historically and in the field, and important results

have been reached. Records of more than 5,093 fires have been compiled and
classified, and field work has been prosecuted in seven States.

A series of studies of NorthAmerican forests by experts with special knowledge

of definite localities is in progress, and it is expected that three of them will be

completed during the coming winter.

Historical studies of the progress in forestry in New Jersey, Massachusetts, and
other States have been begun, and those for New York are practically completed.

Much material has been collected for a general account of the progress of for-

eetry in the United States and of the practical application of conservative forest

treatment in this country up to the present time.

No; eworthy progress has been made during the year in the photographic forest

description cf the United States.

OFFICE WORK.

The mailing list lias been revised and extended, especially among newspapers,

and much material for publication has accumulated and awaits attention during



304 YEARBOOK OP THE DEPARTMENT OF AGRICULTURE.

the w'nter. The botanical work formerly carried on by this Division has been

turned over to the Division of Botany, where it more properly belongs.

During the year the force has been much increased, largely by the addition of

young American foresters. At its highest, the total membership was more than

five times that at the beginning of the last fiscal year.

Through a system of cooperation with experts in forest matters

throughout the United States, the Division of Forestry is becoming in.

fact what it lias long been in intention, the center of all forest activity

in the United States, while through the appointment of student assist-

ants it is gathering about its work a corps of young men, who, begin-

ning their forest studies while actively engaged in the work of the

Division, principally in the field, will complete them at one or another

of the forest schools. In this way, as well as through the schools

alone, the need for men, which is among the most pressing require-

ments of forestry in the United States at present, will gradually be met.

TREE PLANTING.

Tree planting in the treeless West is a legitimate and exceedingly

important branch of forestry in the United States. The successful

cultivation of farm crops in many portions of this country is depend-

ent upon the protection derived from successful tree planting, and

over a very large part of the agricultural AVest both the comfort of

the farmer and his prosperity are deeply concerned with it. Tree

planting has been in active progress for more than thirty years over

considerable portions of the West, and a large amount of informa-

tion has been collected as to the value for planting of a large number
of trees. (PI. XII.) This information has not been collated and is not

available in any compact form. On account of the vastness of the

interests involved, this is one of the most important pieces of forest

work to be done.

ASSOCIATIONS.

The progress of associated effort for the protection of forests, slow

at first, has of late years become very rapid. There are now some 22

associations in the United States which deal directly with forest mat-

ters. Of these the pioneer, if we disregard those which have not sur-

vived, and in many ways the most influential, is the American
Forestry Association, founded at Cincinnati in 1882, under the name
of the American Forestry Congress. This association, while

iii number of members than the Pennsylvania Forestry Associa-

tion, has done and is still doing work of the first importance toward

the spread of right ideas about forestry, chiefly through its monthly
organ, The Forester. The Pennsylvania association, founded in June,

1886, has been instrumental in placing the Stale for which it is named
in the first rank of forest progress. It publishes a bimonthly journal

entitled Forest Leaves. Among the other prominent organizations
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which have weight in forest matters are the Sierra Club and the Water
and Forest Society of California, the Massachusetts, Wisconsin, Min-

nesota, and Colorado forest associations, and theMazamas, of Oregon. 1

INSTRUCTION IX FORESTRY.

Except in the case of the student assistants mentioned on page

304, the Government of the United States takes no part in the educa-

tion of foresters. Elementary instruction in forestry lias, however,

already received noteworthy extension in the State agricultural col-

leges and to some degree in other institutions. Thirty-two of the

former, according to the best information available, now offer instruc-

tion in forestry, cither as a separate subject or in connection with

courses in agriculture, horticulture, or botany. Among these institu-

tions the college of agriculture of the University of Minnesota deserves

special mention, both from the value of the forest courses it offers and

because of its priority in the field.

The mo.-.i elaborate and extensive institution in this country for

the training of foresters is the New York State College of Forestry,

organized in L898 as a [tart of Cornell University. Modeled upon

German lines, it offers a four years' course leading to a degree. Thirty

thousand acres of forest in the Adirondack Mountains, controlled by
the school, furnish an abundant field for practical operations. The
Biltmore Forest School, also begun in 1898, is situated in Biltmore

Forest, on the VanderbiH estate, near Asheville, N. C, and offers a

happy combination of practical and theoretical instruction. These,

with Berea College, at Berea, Ky., which offers a year's work in

forestry, and the University of Minnesota, are the principal agencies

for the education of professional foresters. 1

Steps have been taken which will result in the opening of a forest

school as a department of Yale University in the autumn of 1900.

PROTECTION OF FISH AND GAME.

The protection of fish and game is less intimately associated with

forest matters in the United States than in many other countries.

Salt-water fisheries, which, because of the great length of coast line,

produce so very large a portion of the total food product derived from

the water, naturally have little connection with forests. As regards

the fresh-water tish.es and the game, separation between these two sets

of interests and the forest has worked to the disadvantage of the lat-

ter. Hitherto it has been much easier to secure legislation for the

protection of fish and game than for the protection of forests. In the

future, however, as the various States produce or perfect their machin-

ery for the right handling of forest lands, a much closer connection

1 A full list of States which have forest associations ; also a list of the universities

and colleges in which instruction in forestry is given, will he found in the Appen-
dix to this Yearbook.

—

Ed.
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maybe expected, in which it is most probable that all the interests

will find their profit. The protection of fish and game is a natural

function of the forest guard.

ARBOR DAY.

Prominent among agencies for interesting the children in forest

matters is the observance of Arbor Day. Instituted in Nebraska in

1872 by Hon. J. Sterling Morton, Secretary of Agriculture 1893-1897,

Arbor Day has made its way from State to State until, at the begin-

ning of 1900, provision for its observance has been made in every

State and Territory. Its central idea is the planting of trees by school

children on dates fixed by proclamations of the governors of the vari-

ous States or by other authorities. The planting is usually accom-

panied by exercises, often of considerable elaboration, intended to

impress upon the children the beauty and usefulness of trees, and to

encourage the care and preservation alike of shade trees and forests.

While the planting accomplished may have in itself little economic

value, the institution of Arbor Day may fairly be said to exercise

immense influence in exciting affection and respect for trees in the

coming generations, and so to prepare a body of sentiment which will

assist powerfully hereafter to bring about the general practice of con-

servative forestry.



PKOGRESS OF AGRICULTURE IN THE UNITED STATES.

By George K. Holmes,

itistician.

CRUDE BEGINNINGS BY INDIANS.

Indians carried on agriculture in a primitive and very limited way
in the region now embraced in the United States before the country

was inhabited by the white race, and to their crude agriculture they

joined the harvesting of the wild products of nature.

SOME CROPS AN1> METHODS OF CULTIVATING A.ND GATHERING.

Indian CORN.—The farming practiced on the eastern side of North

America by the Indians was to burn off the forest, scrape up the

top soil into little lulls, and, if corn was in be raised, to plant the

seed therein. Indian corn, or maize, was indigenous, and the Indians

raised it from time immemorial. Women did the work, and the only

implements employed were their fingers, a pointed stick for planting,

and a clam shell or the .scapula of an animal for a hoe. At the time

of harvest the ears of corn were stored in a cache, or were hung up
to dry. held together by the braided husks.

TOBACCO.—Tobacco was another plant indigenous to America, and
the Indians, who had learned its narcotic property, were in the habit

of smoking the leaves after they had been dried.

FOOD and tentile plants.—The Indians of northern California

gathered the seeds of wild plants and roasted them on hot stones, to

be ground afterwards into coarse flour by a stone operated in a hollow

in a rock. Mojave Indian women planted gourd seeds in the crevices

of rooks, and when the gourds were ripe gathered enormous quantities

of them. Especially along the whole western coast of North America,
Indian women gathered wild hemp, agave, and other textile plants;

they dried the leaves or stalks, macerated them in water, extracted

the fiber, and spun it on their naked bodies without the use of any
implement whatever, and then made fabrics for domestic use.

Wild rice.—Throughout the Great Lake country the Indian women
beat the heads of the wild rice plants while holding them over their

canoes; having fanned the chaff away by using a large tray, they
ground the rice in a mortar and cooked it in much the same way as

corn.

307
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Wild cherries and roots.—The Sioux Indians beat dried wild

cherries with buffalo meat to form their winter stock of pemmican.
In Oregon and Washington an immense amount of food was gathered

from the camass root, and also from the house root.

Fruits, nuts, etc.—The Indians gathered the indigenous straw-

berries, huckleberries, blackberries, raspberries, cranberries, etc.,

and the chestnuts, butternuts, hickory nuts, walnuts, hazelnuts, and
beechnuts. They lived also upon fish and the flesh of deer, bear,

buffalo, and other wild animals, both fresh and dried.

BEGINNINGS OF AGRICULTURE BY THE WHITE RACE.

Next the white man came- Poor in the materials of wealth, indeed

almost destitute of them, a stranger in a strange land with a strange

climate, and beset by native enemies, the white settler had in pros-

pect a simple subsistence upon a few products of a crude agriculture

and an insignificant dairy, with such fabrics and other products as

might be obtained from a primitive domestic industry. He saw
the golden ears of maize strung up in the wigwams of the Indians and
learned its value as food; he learned how to plant it, and also the

value of putting fish for fertilizer under the seeds.

EARLY COLONIAL CONDITIONS.

'Typical references to early colonial conditions are selected from

Professor McMaster's " History of the people of the United States;"

from Mr. Weeden's "Economic and social history of New England,"

and from Professor Bruce's " Economic history of Virginia in the sev-

enteenth century."

In Georgia in 1790 the staple was tobacco, cultivated in the simplest

manner, with the rudest of tools. Agriculture as we now know it can

scarcely be considered to have existed. The plow was little used.

The hoe was the implement of industry; made at the plantation

smithy, the blade was ill formed and clumsy, and the handle was a

sapling with the bark left on. After a succession of crops had ex-

hausted the soil the cows were sometimes penned upon it.

In Virginia the poor whites, who had formerly been indentured

servants, were the most lazy, the most idle, the most shiftless, and

the most worthless of men. Their huts were scarcely better than

negro cabins; the chimneys were of logs, the chinks being filled

with clay. The walls had no plaster, the windows had no glass, and

the furniture was such as they themselves made. Their grain w as

thrashed by driving horses over it in the open field; when they

ground it, they used a rude pestle and mortar, or placed it in the

hollow of one stone and beat it with another.

Each family in New England lived in a state of almost entire inde-

pendence of other families and of all other communities than the one
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in which it lived. Beef or pork, generally salted, salt fish, dried

apples, bread made of rye or indian meal, milk, and a very limited

variety of vegetables constituted the food throughout the year. The
Massachusetts farmer Avho witnessed the Revolution plowed his

ground with a wooden plow, sowed his grain broadcast by hand, and
when it was ripe cut it with the scythe and thrashed it on the bain

floor with a flail. His house was not painted; his floor was not car-

peted. When darkness came on his light was derived from a few

candles of home manufacture. The place of furnaces and stoves was
supplied by huge cavernous fireplaces which took up one side of the

room and, sending half the smoke into the apartment, sent half

the heal up the chimney. The farmer and his family wore home-
spun. If linen was wanted, the flax was sown and weeded, pulled

and retted, and broken and swingled, for all of which processes nearly

a year was required before the flax was ready for spinning, bleaching

on the grass, and making and wearing. If woolens were wanted,

sheep were sheared and the wool was dyed and spun and woven at

home.
Ii was almost invariably true of all the settlers that the use and

value of manures was little regarded. The barn was sometimes

removed to gel it out of the way of heaps of manure, because the

owner would not go to the expense of removing these accumulations

and [Hitting them upon his fields.

In comparison with present conditions, the farmer's life in colonial

days '.wis a dreary one, filled with hardships and deprivations, and
treading very closely upon the margin of subsistence. Those condi-

tions continued after the Republic had been established, and were not

measurably ameliorated until the present century had well advanced

—

until an improved intelligence, the dissemination of information, and
especially the work of the inventor had begun to take effect.

FIRST CROPS. 1

Cereals.—The first yield of indian corn, or maize, in any consider-

able quantity produced in the United States by people of English

blood of which we have any authentic record was that of 40 acres in

the Jamestown Colony in 1609. 2 Wheat was first sown in Massachu-
setts on the southern coast as early as 1602, and it was first cultivated

in Virginia in 1611. Rye dates back in New England certainly to

1G48, and perhaps to 1630, and oats and barley to Gosnold's Colony
in 1602.

Buckwheat.—The first cultivation of buckwheat dates back to

1625 or 1626, on Manhattan Island.

1 Most of the statements under this head are taken from Eighty Years* Progress
of the United States (1861).

2 Bruce's Economic History of Virginia in the Seventeenth Century, Vol. I,

p. 198.
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Potatoes.—Ptymouth Colony cultivated potatoes as early as 1G29.

Beans.—Beans have the date of 1602 on islands south of Massachu-

setts, the date of 1644 at Manhattan, and about the same date in

Virginia.

Fruits.—The first apples raised in this country were possibly from

trees planted on Governors Island in the harbor of Boston, from

which, on October 10, 1G39, "ten fair pippins" were brought. Gov-

ernor Endicott had on his farm in Salem, now Danvers, Mass., in 1640,

the first nursery of young fruit trees that was ever planted in this

country.

Tobacco.—The English first saw tobacco cultivated and smoked in

clay pipes by the Indians of Virginia in 1585, and the cultivation of

tobacco was introduced into the Dutch Colony of New York as early

as 1646, when it sold for 40 cents a pound.

Flax and hops.—Flax was taken to Holland from Manhattan

Island as early as 1626. Hemp and flax were raised in Virginia prior

to 1648. Hop roots were ordered by the governor of Massachusetts

Bay as early as 1628.

Silk.—Silk culture was begun in Louisiana by the Company of the

West in 1718. It was introduced into Georgia in 1732. Connecticut

began the production of silk in 1760.

Sugar cane.—Sugar cane was first introduced into Louisiana in

1751, and the first plantation was established in 1758.

Rice.—The culture of rice was introduced into the colony of Car-

olina about 1694, the seed being obtained by the governor of the

province from a ship from Madagascar. 1

Cotton.—A pamphlet published in London in 1609 predicts that

cotton would grow as well in Virginia as in Italy, and the author of

another pamphlet, published in 1620, mentions cotton as a product

that may be had in abundance in Virginia; but Bancroft's History of

the United States says the first experiment in cotton culture in the

Thirteen Colonies was made in Virginia in 1621, when the cotton

seeds were planted as an experiment, and their "plentiful coming

up" was at that early day a subject of interest in America and

England. Cotton wool was listed in that year at 8 pence a pound,

which indicates that it may have been grown earlier. 2

FIRST DOMESTIC ANIMALS.

For many months after the arrival of the Pilgrims at Plymouth

they had no beasts of burden; when at last a few cows were brought

over they were poorly fed on the coarse wild grasses, and often they

1 Pitkin's Statistical View of the Commerce of the United States of America

(1816), p. 97.

2 The Cotton Plant; published by the United States Department of Agriculture,

pp. 30 and 31.
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died from exposure and want of proper food or fell a prey to the

wolves or the Indians. Owing to the difficulties and expense of impor-

tai ion, the price was so high as to put them beyond the reach of many
even in moderate circumstances. In the colony of Massachusetts

Bay a red calf soon came to be cheaper than a black one on account

of the greater probability of its being mistaken for a deer and killed

by wolves.

Cattle.—When cows were so high as to sell, in 1636, at from £25 to

£30 sterling at Plymouth and oxen at £40 a pair, a quart of new milk

could be bought for a penny. The ox of that day was small, ill-

shaped, and in every way inferior to the ox of the present time. Dur-

ing the early part of the last century the average gross weight of the

neat cattle brought for salt' to the Smithfield market was not over

;!7<> pounds. ,

Dairy cattle were first brought to Virginia in 1611 and to Plymouth

in 1624, from the coasl of Devonshire. Some of the Virginia cattle

were from the Mack cattle of Spain, and those brought to New York,

possibly from t he island of Texel on the coast of Holland, were mostly,

without doubt, the black and white Dutch cattle. Those on the Del-

aware were lirouglil from Sweden; those in New Hampshire were the

large yellow Danish cattle, and, as the earlier importations were the

most extensive that were made for many years, these various stocks

were crossed and thus formed the original stock of the country.

The cattle along the northern Atlantic coast fared miserably in

winter, having Little or no protection from storms and cold and being

poorly fed on hay made from overripe swale grass and salt grass cut

from the marshes. It was a common opinion in the Virginia Colony

that the housing and milking of cows in the winter would kill them.

Horses.—The first horses taken from Europe to the Western Hem-
isphere were brought over by Columbus on his second voyage, in 141)3.

In L527 forty-two horses were landed in Florida and perished soon

after their arrival. The wild horses of the Southwest are probably

descendants of the fine Spanish horses abandoned by De Soto on the

failure of his expedition. In 1004 a French lawyer brought over

horses to Acadia, and these probably laid the foundation of what are

now known as Canadian ponies. In 1609 horses were brought to James-
town, and in 102!) they were introduced into the colony of Massa-

chusetts Bay. Horses were brought to New York in 1625 from Flan-

ders. These importations seem to have been the original stock from
which the race of American horses was constituted. But the horses of

the United States, as in the case of other farm animals, have been
much improved and diversified in special qualities during the last

twenty-five years or so by the importation of thoroughbreds from
Europe and by well-directed breeding.

Sheep.—It is probable that the first sheep in this country came to

Virginia in 1609 from England. About 1625 some sheep were brought
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to New York by the Dutch West India Company from Holland. Sheep

were brought into the Plymouth Colony and that of Massachusetts

Bay very soon after the settlement.

Swine.—De Soto probably brought the first swine into this country

in 1538 from Cuba, and these were landed in Florida. They were

probably descended from some brought over by Columbus in 1403.

The Portuguese brought swine into Nova Scotia and Newfoundland

as early as 1653. The London Company imported swine into Virginia

in 1609. They were introduced into the Plymouth Colony in 1624 by

Governor Winslow, and into New Netherlands, now New York, in

1025 by the Dutch West India Company.

TRANSITION TO MORE RECENT CONDITIONS.

Although the early white settlers immensely improved and expanded

the agriculture of the Indians, it is nevertheless true that in compari-

son with the agriculture of the present time that of the previous cen-

tury and of the earlier half of the present century was crude, waste-

ful, uneconomical, expensive, laborious, and unscientific. The transi-

tion from the old to the new was gradual, but, having in mind long

periods of time, it is apparent that American agriculture has had two

distinct periods with regard to the characterization above specified.

The change has been rapid since the civil war, and the last thirty

years or so stand out conspicuously as belonging to a period of devel-

opment and results, having little similarity to the long preceding

period beginning with the eighteenth century and approaching an end

about the middle of the present one.

In this paper only a brief mention will be made of some of the causes

and opportunities of the agricultural expansion of the country.

EXPANSION OF POPULATION.

The principal opportunity for agricultural expansion was the immense

cultivable area of virgin soil awaiting primarily to be despoiled of its

fertility, which was subsequently to be partly restored and maintained

by means of fertilizers.

The necessity for this expansion was a rapid and permanent growth

of sturdy population, derived not merely from a natural increase, but

largely from an unprecedented immigration from the peasant laboring

classes of Europe—people who had been unable to obtain the owner-

ship of land in a country of primogeniture, as well as people who had

failed in other countries where land values were beyond their reach,

and who came here with "a land hunger," where they found millions

of fertile acres awaiting their acquisition at a cheap price.

The population of this country, according to the census of L790,

was 3,929,214; in 1850 it had increased to 23,191,870; in 1860, to

31,443,321; in 1880, to 50,155,783; in L890, to 02,022,250; and various
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estimates of the population in 1900 place it at a figure somewhat
above 75,000,000. Immigrants, who are included in these figures,

numbered 143,439 in the ten years 1821-1830; from about 2,500,000 to

3,000,000 in each of the ten-year periods beginning with 1851 and
ending with 1880, and 5,210,013 in the ten years 1881-1890. From
1891 to 1899, inclusive, the number was 3, 31)0, oil.

THE NONAGRICULTURAL population.

Since the birth of the nation there must be taken into account also

the great and relative increase in the city population, which must
derive its subsistence mainly from the agriculture of this country

without contributing to agricultural production. The population

living in cities and towns of 8,000 or more was 3.35 per cent of the

total in L790, 12.-19 in 1850, 22.57 in 1880, 29.20 in 1890, and perhaps is

about 35 per eeiit at the present time, or more Than one-third of the

entire population.

These percentages do not include the inhabitants of villages, towns,

and the smaller cities not engaged in agriculture, who, if included,

would swell the percentage above 35.

There has been a further marked increase in the nonagricultural

elements of the population. In 1X70 the persons 10 years of age and

over who were engaged in manufacturing and mechanical industries

were 19.61 per cent of the total number of persons of that age having
gainful occupations, and this percentage had increased to 22.39 in

1890. It may easily be 25 per cent at the present time.

The number of persons employed intrude and transportation lias

increased from 9.83 per cent of the total number of persons employed
in all occupations in L870 to L4.C3 per cent in 1890.

Thi' percentage 1 for persons engaged in professional services has

increased from 2.97 in L870 to 1.15 in 1890. For domestic and per-

sonal service the percentage has increased from 18.48 in 1870 to 19.18

in 1890.

The census group of occupations embraced within agriculture, fish-

eries, and mining is represented by 49.11 per cent in 1870, or nearly

one-half of the persons having gainful occupations, and fell to 39.05

per cent, or about two-fifths, in 1890, and is likely to be hardly more
than one-third at the time of the Twelfth Census (1900).

PUBLIC LAND.

While marked increase in the demand for agricultural products for

consumption by persons who are in nonagricultural occupations has

thus occurred, the Government at the same time has offered to agri-

cultural producers a vast area of land at hardly more than a nominal
price. Previous to July 1, 1897, final homestead entries to the num-
ber of 529,051 had been made for 70,390,850 acres belonging to the

National Government; the number of entries in the following year
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was 22,281, covering .3,005,018 acres, and in the year previous to July

1, 1899, the number was 22,218, covering 3,134,149 acres—total to

1899, entries, 573,550; acres, 76,626,023.

During the twenty-two years preceding July 1, 1897, the public and
Indian lands disposed of for cash and under the homestead laws, under

the timber-culture laws, located with agricultural college and other

kinds of scrip, located with military bounty land warrants, and selected

by States and railroads embraced 299,901,357 acres; in 1898, 8,453,897

acres; in 1899, 9,182,413 acres,—-total for twenty-four years, 317,597,667.

Some of the States and many railroad companies have been selling

land, mostly for farms, amounting in the aggregate to a vast area.

The number of sales on credit of tracts of land large enough to be

measured by acres, from 1880 to 1889, inclusive, was 00,431 by States

and 140,190 by railroads.

CAUSES OF INCREASED PRODUCTION.

While the country has been developing as above indicated, the

great nonagricultural populations of European countries have been

relatively increasing, and have exhausted in their consumption the

farm production of their own countries, especially with respect to the

items of wheat, corn, and other cereals, animal and dairy products,

and, to the very small extent of cultivation, tobacco and cotton, thus

opening up a foreign market, which has in a large degree warranted

the expansion of the agriculture of the United States, along with the

other causes or opportunities mentioned.

The decided decline in the cost of transportation has also contrib-

uted largely to the transformation under consideration. 1

IMPLEMENTS AND MACHINES.

The most prominent feature in the development of American agri-

culture is the immense improvement that has taken place in agricul-

tural methods and machines—indeed, the word improvement is not

adequate to express the change that has taken place in the methods

of agriculture in this country, because the implements and machines

are creations rather than improvements, and their mission has been

radical and far-reaching. They have reduced the amount of human
labor required to produce a given quantity of crops and to cultivate

given areas of land, and they have been largely, if not chiefly, instru-

mental in converting local markets into world markets for the prin-

cipal cereals, cotton, tobacco, and animal and dairy products.

A technical description of these implements and machines can not

be attempted here, and it will be sufficient merely to indicate gen-

erally changes in their character and in the results of their work.

1 The development of transportation facilities in the United States is the subject

of another article in this Yearbook.

—

Ed.
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Dependence must be placed upon the readers knowledge of these

machines and upon his mechanical mind to understand how and why
they have contributed so much to the realization of the present agri-

cultural era.

Vehicles.—At the beginning of this century carts were used on

the farms and chaises on the roads. Stagecoaches were used on the

main roads of travel, and a few wagons were found here and there.

Carts were more convenient for use with oxen on the farms. For many
years discussion was active as to the comparative economy of oxen

and horses for farm use, and wagons came in with the increased use

of horses and the improvement of the country roads. Buggies and
trotting horses grew up together. Light one-horse wagons first

appeared in Connecticut about L830, but it was not until 1840 or later

that they became common enough not to attract notice when seen on

the roads. 1

Plows.—In 1637 there were but 37 plows in the colony of Massachu-

setts Bay. Twelve years after the landing of the Pilgrims the farmers

around Boston had no plows, ami were compelled to break up the

ground and prepare for cultivation with their hands and with rude

and clumsy hoes and mattocks. Il was the custom in that part of

the country, even to a much later period, for anyone owning a plow
to do the plowing for the inhabitants over a considerable extent of

territory. A town often paid a bounty to anyone who would buy and
keep in repair a plow for the purpose <>\' going about in this way. 2

Mr. C. C. Collin thus mentions the plow that his father used: "I
think it was about L2 feel Ion--. I know that it required eight to ten

oxen to draw it, one man to ride upon the beam to keep it in the

ground, and a man to follow behind with a heavy iron hoe to dig up
the baulks."

A writer in the Rhode Island American in 1820 describes the plow
generally in use in the Eastern States at that time, known as the Old
Colony plow, as billows: "It had a 10-foot beam and 4-foot land side;

your furrows stand up like the ribs of a lean horse in the month of

March. A lazy plowman may sit on the beam and count every bout
of his day's work. Six of these plows cost me on an average, last

year, |5 each to keep the shares and coulters fit for work, and the

wear of the other parts could not be less than *1 more—SO per year
for each plow."

The first patent for a plow in this country was taken out by Charles

Xewbold, of Xew Jersey, in 17'J7. His was the first cast-iron plow

1 A Century of Connecticut Agriculture, by Prof. William H. Brewer, Twenty-
eighth Annual Report of the Secretary of the Connecticut Board of Agriculture,

1894, p. 49.

'-Eighty Years' Progress of the United States, p. '27.

Arguments before the Committee on Patents of the Senate and House of Rep-
resentatives. 1STS. p. 272.
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ever made, but the farmers in those times entertained great prejudices

against it. There was a general idea throughout the country that a

cast-iron plow would "poison" the land. Mr. Coffin remembers the

first cast-iron plow used in his neighborhood in Xew Hampshire
in 1837 and the assemblage of farmers who objected to it for the rea-

son mentioned. He says that it required from 1707 to 1842 for the

inventive genius of this country, together with the observations of

farmers and mechanics, to arrive at any just conclusion as to what
would be the best form for the plow.

Without mentioning intermediate plows, it will be sufficient to pass

on to the Oliver chilled plow, which first appeared in 1870. This was

a light, durable plow with a mold board of proper shape to economize

draft and suitably turn the furrow, and this plow in a marked degree

promoted the economy of plowing. It was stated by Mr. Coffin in

1878 that this invention, if used throughout the United States in the

preceding year, would have effected a saving of §-15,000,000 to the

farmers of the country in the expense of plowing.

And then invention followed invention and improvement followed

improvement, until we have sulky plows, gang plows, plows combined

with harrow cultivators and with seed drills, side-hill plows, xine-

yard plows, beet plows, subsoil plows, double land-side plows, and
lastly, what has been the aim, and seems to be the end, of plow inven-

tion, we have the steam gang plow combined with a seeder and a har-

row, which has reduced the time recpuired for human labor (in plow-

ing, sowing, and harrowing) to produce a bushel of wheat, on an

average, from 32.8 minutes in 1830 to 2.2 minutes at the present time,

and which has reduced the time of animal labor per bushel from 57

to 1^ minutes; at the same time it has reduced the cost of human and

animal labor in plowing, seeding, and harrowing per bushel of wheat,

from 4 cents to 1 cent.

Corn planters.—Hundreds of patents have been issued for corn

planters. The earlier ones were adjustments to the hoe, which per-

mitted the release of grains of corn when the hoe was struck into the

ground; then came the hand planter, and the next step was the horse

drill. Next came the idea of marking rows in both directions with a

drag. A long beam with pins in it was dragged both ways across the

field by horses, and then the farmer would go along with the hand

planter and plant the corn at the intersection of the rows. Still, again,

followed an improvement, and this was the corn planter which planted

two rows at one time with the rows running in both directions. A
man sat on the machine, and, at every point where the drag had

crossed at right angles, he moved a lever that dropped the corn, which

was covered by wheels that turned and pressed down the soil upon
the seed. The check rower followed; it was a simple implement, con-

sisting of a wire chain or knotted rope stretching across the field and

anchored at both ends. This passed through the machine as it was
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driven across the field and dropped some grains of corn every time

the knot passed through a slot in the machine. It was only necessary

to drive backward and forward all day long until the acres were

planted, and then the corn could he cultivated in both directions.

Subsequently, numerous check-row planters for corn have been

invented with and without fertilizer adjustments, so that several rows

of corn may be planted at the same time in places at regular distances

apart, permitting cultivation in both directions.

Cultivators.—Cultivators have been the subject of several thou-

sands of patents. The original cultivation of corn and other crops

planted in rows was by means of the hoe, but in the course of time a plow

was used to loosen the earth and to suppress weeds and grass, being

drawn twice between the rows and turning the soil against one or the

other. Next a tooth harrow was employed, and this was drawn one way
between the rows, and afterwards a cultivator with small double plow-

shares was used. Then followed the double-shovel cultivator, cutting

deep or shallow, as desired, and turning t he earth toward t wo opposite

rows at the same time. The implement is now variously made, but it

has reduced the economy of cultivation apparently to a minimum; the

farmer may now ride while the cultivator is doing its work. lie cul-

tivates the rows of his crop in both directions, and the use of the hoe

has been nearly, if not entirely, discontinued throughout large agri-

cult oral areas.

HARROWS.—Much attention also has been devoted to the invention

of implements for harrowing and pulverizing the soil. The farmer no

longer drives a brush harrow over his held as of yore, nor does lie need
to use a tooth harrow, but he has at his command disk harrows, screw

pulverizers, smoothing harrows, spring-tooth harrows, and harrows

combined with plows and seeders.

CORN husker.—The mechanical corn husker is a machine of recent

invention. Previously the husking of corn was done only by hand,
and a peg strapped to the hand was often used for opening the husks;

but there is now a machine that husks the corn and at the same time

cuts the husks, stalks, and blades into feed, the motive power being

steam.

Corn harvester.—Again, we have the recent corn-harvesting

machine drawn by horses that cuts the cornstalks and binds them
into bundles at the same time.

C< >rxshellers.—The steam cornsheller caused a remarkable change
in the time and expense of the shelling of corn. In the olden time
corn was shelled by hand, a frying-pan handle or shovel being used,

the ears of corn being scraped against it, or perhaps the cob of one
ear was used to shell the com from another. Then came the first

machine for shelling corn, a cylinder turned by a crank, by which a
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man might shell about 40 bushels in a day. Thousands of patents

have been issued for eornshellers, and the culmination of them is the

steam-power or horse-power cornsheller, which will shell a bushel a

minute, carry off the cobs to a pile or into a wagon, and deliver the

corn into sacks or wagons.

Seeders.—From the time when wheat was first sown, up to a com-

paratively recent period, the only method of sowing it was to throw it

into the air by the hand. In this way it is impossible to sow evenly,

especially if the wind blows with considerable force; and if clover

seed is to be sown, the ground must be gone over a second time, while

a third time is required if fertilizer is to be distributed. Then, when
the harrow comes some of the grains are buried too deeply and some
are not covered with earth enough. But not so many years ago inven-

tors set to work to construct mechanical seeders, and the result is an

almost complete abandonment of broadcast sowing by hand and the

substitution of such seeders. They sow all kinds of grain and seeds

at once, with fertilizer if required, and they harrow at the same time.

They make the crop more certain. It is the general opinion that

the wheat crop is increased one-eighth or more by the use of the

mechanical seeders, especially in the case of winter wheat.

Mowers and reapers.—In 1794 a Scotchman invented what was

described as a most marvelous and wonderful machine for cutting

grain, doing as much in one day as seven men could do with the

sickle. This marvelous machine was only the cradle. The reaper

followed, and the first patent for one issued in this country was given

to Hussey in 1833. McCormick took out his first patent in 1834,

although he had constructed and tested a machine in Virginia in

1831 with some success ; but the world heard little of reaping machines

until 1845, when 150 of them were built at Cincinnati; by 1846 fully

300 had been built. There was a general trial of mowers and reapers

at Geneva, N. Y., in 1852. Nine machines contested, for other inven-

tors had taken out patents. Nineteen years had passed since the first

patent had been issued. Out of the nine machines exhibited, not

one could start in the grain without backing to get up speed. There

was a heavy side draft, the machines were clumsy, and they could

not turn easily.

By 1855 about 10,000 mowers and reapers had been built by different

makers, nearly all being one-wheeled machines. There was an exhi-

bition of reapers at the French exposition in 1855, in which there was

one English, one French, and one American. The French machine

did its allotted work in 72 minutes, the English in GO, and the Amer-

ican in 22.

Two years later, in 1857, there was a trial at Syracuse, N. Y., at

which nineteen machines contested. Of these, all except three started

in the grain without backing to get up speed. There was a trial at

Auburn, N. Y., in 18GG, at which forty-four different machines were
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entered, and of these, forty-two did their work iu a satisfactory

manner.

The mower and reaper combined cut tin* grain and left it on the

ground bunched up in proper size for a sheaf, subsequently to be

bound by hand. The harvester was supposed to be an improvement
upon this, because it had a place for one or two men to ride to bind the

grain as fast as it was cut; but the self-binder Avent beyond that and

by means of a mechanical attachment did the binding without the aid

of human labor. It was not until 1870 that the self-binder was a

mechanical success; but that was not the end of invention for con-

structing machines to harvest wheat.

It remained for the ingenuity of man to construct a combined reaper

and thrasher, with which it is necessary only to drive across the wheat

field in order to obtain the grain ready for transportation to the eleva-

tor or elsewhere.
'

Cotton gin.—Without the cotton gin it would be practically

impossible to raise and market the cotton crop of this country, which
now commonly amounts to 10,000,000 bales and more annually.

Before Whitney's invention it is said that the laborof one person was

required for about ten hours to pick the seeds from 11 pounds of cot-

ton lint. At the present time one machine will gin from 1,500 to 7,500

pounds of lint in the same time, the quantity varying according to

the size and power of tin' gin.

INFLUENCE OF PATENT LAWS ON DEVELOPMENT OF AGRICULTURAL MACHINES.

The development and creation of agricultural implements and
machines by the inventive genius of this country is one of the most

remarkable features of progress of the century. Its history is one of

evolution and revolution—a revolution of incalculable consequences

to human Labor and the production and distribution of wealth, with

an immense bearing upon the trend and character of industry, social

life, and civilization.

This development has been encouraged by the patent laws of the

country, and perhaps nothing could be more tersely expressive of the

influence of these laws in promoting mechanical agriculture than a

ment ion of the number of patents that have been granted. Under date

of November 17, 1899, the Patent Office reports that patents for agri-

cultural machines had been granted to the number indicated in each

of the following classes: Vegetable cutters and crushers, 701; ferti-

lizers, 822; bee culture, 1,038; trees, plants, and flowers, 1,102; care

of live stock, 3,749; dairy, 4,632; thrashers, 5,319; harrows and dig-

gers, 5,801; fences, 8,401; seeders and planters, 9,156; harvesters,

12,519; plows, 12,052.

It is no longer necessary for the farmer to cut his wheat with sickle

or cradle, nor to rake it and bind it by hand; to cut his cornstalks

with a knife and shock the stalks by hand; to thrash his grain with a
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flail, nor to drive horses over it to tread it out, nor to scrape the ears

of corn against a shovel or the handle of a frying pan. It is no longer

necessary for him to dig potatoes, nor to cut his grass with a scythe

and to spread it with a pitchfork that it may dry, nor to pitch the

hay from the wagon to the haymow in the barn, nor to pick the lint

from cotton seed by hand, and so on with numerous operations

throughout the whole range of agricultural work.

Mechanical contrivances have largely supplanted human labor in

many respects, or have improved the application of labor and increased

the product of agriculture, reduced the cost of production, augmented

the farmer's gross income, and made his life an easier one than it was

before the machine period.

This country has come to be without a peer in the manufacture of

agricultural implements and machines, both in quality and number.

The manufacturing establishments for producing them in 1890 num-

bered 910, with a capital of $145,313,997 and 42,544 employees, receiv-

ing wages to the amount of $21,811,761, turning out a product valued

at $81,271,651. One of these establishments (the largest in the world),

making various kinds of mowers and reapers, corn harvesters, corn

buskers and shredders, and hayrakes, turned out 187,760 machines

in 1898, or, on an average, one in less than a minute for every work-

ing day.

AGENCIES FOR AGRICULTURAL EXPERIMENT AND INFORMATION.

Along with the application of invention, have grown up numerous

agencies for educating and training the farmer in agriculture, for dis-

seminating information with regard to improvements, and for stimu-

lating among farmers the associative spirit and increasing the benefits

to be derived from cooperation.

The first of these agencies, chronologically, consisted of voluntary

organizations for the promotion of agricultural interests. These,

under various titles, existed in the colonies even before the beginning

of this century. We have records of five established during the

decade of 1785-1794, in the following States and in the order named:

Pennsylvania, South Carolina, New York, Massachusetts, and Con-

necticut. This method of aid to agriculture has constantly increased

during the nineteenth century, and agricultural societies, the name
generally applied to them, have multiplied so that at the present day

there are probably few counties in the United States where some

form of agricultural society does not exist, while all the leading agri-

cultural industries are represented by State, and, in many cases, by

national organizat ion.

Many of these voluntary associations receive State aid, and espe-

cially is this true of those organized mainly for the purpose of holding

annual fairs. About 1,500 such associations are now in existence,

extensively distributed throughout the country, but more especially
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throughout the North Central and North Atlantic States. Of farmers'

clubs, it is sufficient to say their name is legion. Another of these

agencies consisl sol' the commissioners of agriculture or boards of agri-

culture of the different States, and almost every State has some official

organization in the interests of agriculture. To these must be added

the agricultural colleges and the experiment stations, in which the

Federal and State governments cooperate. 1

Finally, the most important of the agencies referred to is the Depart-

ment of Agriculture it self, which began as an insignificant division in

the Patent Office, Department of the Interior, in 1830, became a De-

partment under a Commissioner in 1862, ami in February, 1889, was
elected into an Executive Department under a Secretary, who is a

member of the Cabinet.

STATISTICS.

AGRICULTURAL CENSUSES.

Important and extensive collect ions of statistical information with

regard to farms and 1 heir products have been made by national and
State censuses.

The first statistics of agriculture collected by a United States

census were obtained in L840, within limits much narrower than those

adopted in the censuses of 1890 and 1900.

At the present time it is the policy of the Census Office to procure

an inventory of farm property and products, with detailed statements

for acreage, values, quantities, and numbers of live stock, as far as

applicable. It is expected that the national census of this year will

procure many facts with regard to the farms of this country, which
are oowsupposed to number about 5,000,000. No other country takes
such a thorough, extensive, and detailed census of agriculture as does

the United States.

The use of the censuses of agriculture might be the subject of

extended discussion, but comparatively little can be said here. Not
a day passes that the Department of Agriculture does not need to use

census statistics of agriculture in many ways and for many purposes,

not only in its own routine work of crop estimates and in the prepa-
ration and conduct of statistical investigations, but also in response
to numerous letters received from residents of the United States and
foreign countries.

Some of the States are required by their constitutions, or by legis-

lative enactments, to take censuses, but not all of them comply with
the requirement. The most elaborate State census of agriculture is

taken by Massachusetts. Among the other States required to take

] No attempt is made here to explain even briefly the work of the agricultural
colleges and experiment stations as a factor in the development of agriculture,

both agricultural education, during th s century, and the work of the agricultural
experiment stations being treated at length in other papers in this Yearbook.

—

Ed.

1 A 99 21
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censuses are Indiana, Iowa, Kansas, Michigan, Oregon, Oklahoma,

and Wisconsin.

Useful agricultural statistics are collected and published also by
the boards of agriculture of the several States, notabby by the States

of Texas and Kansas.

BOARDS OF TRADE AND COTTON EXCHANGES.

At least twenty-five boards of trade publish statistics of the move-

ment, distribution, prices, etc., of agricultural products, and the fol-

lowing is substantially a complete list of the cities in which these

boards of trade are situated, the variants of the name being some-

times merchants' exchange, chamber of commerce, produce exchange,

or commercial exchange: Baltimore, Md. ; Boston, Mass. ; Buffalo,

N. Y. ; Chicago, 111. ; Cincinnati, Ohio; Denver, Colo. ; Detroit, Mich.

;

Duluth, Minn. ; Indianapolis, Ind. ; Louisville, Ky. ; Memphis, Tenn.

;

Milwaukee, Wis.; New York, N. Y. ; Omaha, Nebr. ; Peoria, 111.;

Philadelphia, Pa. (commercial exchange and also produce exchange);

Portland, Oreg. ; Richmond, Va. ; St. Louis, Mo. ; San Francisco, Cal.

(chamber of commerce and also produce exchange); Seattle, Wash.

;

Toledo, Ohio, and Washington, D. C.

Besides the foregoing boards of trade, there are many in the United

States whose object is to stimulate concerted action by manufacturers,

merchants, financiers, and persons especially concerned in carrying

on the distributive processes. About 800 of these boards of trade have

a national association, which speaks powerfully for interests represent-

ing many hundreds of millions of dollars of capital, and which sub-

stantially represents the class of persons known as middlemen, who
distribute the products of the farm. But this national association

does not include all of the boards of trade, chambers of commerce,

and produce exchanges. These in the aggregate number between

1,300 and 1,400, the largest number among the States being found in

New York; second to which stands Pennsylvania; third, Ohio; and,

fourth, Massachusetts.

There is a class of these boards of trade especially concerned with

cotton, generally known as cotton exchanges, which are associations

of middlemen with the object of obtaining information in regard to

the condition of the market as influenced by demand, supply, produc-

tion, available cotton, and, in some cases, of dealing in futures. The
cities and towns where these exchanges are situated are as follows:

Eufaula, Birmingham, Mobile, Montgomery, and Selma, Ala. ; Little

Rock and Texarkana, Ark.; Atlanta, Columbus, Rome, Savannah,

and Augusta, Ga. ; Monroe, New Orleans, and Shreveport, La,

;

Greenville, Greenwood, Meridian, Natchez, Vicksburg, and Yazoo

City, Miss.; St. Louis, Mo.; New York, N. Y. ; Newbern, Wilmington,

and Raleigh, N. C. ; Charleston and Columbia, S. C. ; Memphis and

Nashville, Tenn.; Galveston, Dallas, Fort Worth, Sherman, Waco,
and Houston, Tex.; Norfolk and Portsmouth, and Richmond, Va.
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STATISTICS OF DEVELOPMENT.

The progress of American agriculture up to the present time lias bjr

do means been thoroughly discussed in this paper, nor is it possible

to <lo so within the limits of a Yearbook article; hence only a few more
topics can be mentioned. First, statistics expressing development
will be given.

FARMS and acreage.—The number of farms increased from

1,449,073 in 1850 to 4,564,641 in 1890. During the same time the

total farm acreage increased from 293,560,614 to 623,218,619 acres, of

which tli.' increase in improved acreage was greater, both absolutely

and relatively, than the increase in the unimproved acreage.

Increasing importance of medium-sized farms.—The average

size of farms declined from 203 acres in 1850 to 137 acres in 1890, and
it has been established by a thorough statistical analysis that in the*

more recent years tie 1 increase in number of farms has more largely

accrued to farms of medium size than to farms of the smaller and
larger sizes. "Why this should b' so i^ only a matter of conjecture.

It may be thai the persons who acquire the proprietorship of farms,

either as owners or as tenants, have become more able to acquire the

possession of medium-sized farms, ami so reject or consolidate the

smaller farms; it may be also thai the larger farm-- have not been

found to be as profitable as medium-sized farms.

The use of machines is an important elemenl in this country's agri-

culture, and possibly the medium-sized farm as it exists to-day is

susceptible of being more economically cultivated and managed than
either smaller or larger farms, and among the economic reasons for

this the farm machine must be reckoned as highly important. But
whatever the explanation may be, the fact remains that the middle-

- farmer, according to the tendency disclosed by the census of li

is coming more and more to the front among agriculturists.

Farm real estate and machines.—The value of the real estate

of farms increased from $3,271,575,426 in 1850 to $13,279,252,649 in

1890. During this period the value of farm implements and machines
increased from §151,587,638 to §494,217,107; but these numbers do not

adequately represent the increase in the importance of implements
and machines, partly because these figures take no account of the vast

increase in their efficiency, which has been infinitely greater than tie

figures express, and in a very large degree beca use of the much cheaper
prices prevailing in 1S90.

Farm products.—The censuses have very poorly ascertained the
value of farm products, the statements undoubtedly being consider-
ably under the facts. The published statement of the census of I

gives the value of farm products as §2,160,107,151, but an estimate
made on the production ascertained in the census of 1890 by Mr. J. R.
Dodge, former Statistician of the Department of Agriculture, places
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the value of farm products in the agricultural year covered by that

census at about $3,500,000,000.

Farm animals have increased as follows, as shown by national

censuses: Horses, from 4,336,719 in 1850 to 14,969,467 in 1890; mules

and asses, from 559,331 in 1850 to 2,295,532 in 1890; milch cows, from

6,385,094 in 1850 to 16,511,950 in 1890; oxen and other cattle, from

11,393,813 in 1840 to 34,851,622 in 1890; swine, from 26,301,293 in

1840 to 57,409,583 in 1890; sheep, not including spring lambs, from

19,311,374 in 1840 to 35,935,364 in 1890. The wool clip of the census

year of 1890 amounted to 165,449,239 pounds. The value of live

stock increased during the period 1850-1890 from $544,180,516 to

$2,208,767,573.

Farm dairy products are thus stated in the census of 1890: Entire

number of gallons of milk produced on farms, 5,210,125,567; pounds

of butter, 1,024,223,468; pounds of cheese, 18,726,818. It must be

remembered that the production of butter and cheese on farms has

been largely transferred to creameries, whose products are not included

in the foregoing figures, but are included in part in the census statis-

tics of manufactures—only in part, however, because it is known that

a very large portion of the creameries and their products were omitted

from the census statistics of 1890.

POULTRY".—In 1890 it was reported that the chickens on farms num-
bered 258,871,125; other fowls, 26,738,315; and that the eggs produced

and sold during the census year were 819,722,916 dozen. The poultry

statistics, however, probably fall far short of the facts.

CROP production.—Coming now to the production of crops, the

following extracts are made from the censuses of 1840 and 1890, to

which the figures of the Department of Agriculture for 1899 are added:

Cereals.—Production of indian corn, 377,531,875 bushels in 1840;

2,122,327,547 bushels in 1890; 2,078,143,933 bushels in 1899; and the

corn acreage increased from 62,368,504 acres in 18S0 to 82,108,587

acres in 1899.

The wheat product was 84,823,272 bushels in 1840; 468,373,968

bushels in 1890; 547,303,846 bushels in 1899; and from 1880 to 1899

the wheat acreage increased from 35,430,333 acres to 44,592,516 acres.

The United States produces more wheat than any other country in

the world. A comparison may be made for 1898: Crop of the United

States, 675,149,000 bushels; France, 371,881,000 bushels; Austria-

Hungary, 170,938,000 bushels; Italy, 133,372,000 bushels; Germany,

115,000,000 bushels; United Kingdom, 77,170,000 bushels; Russia in

Europe, 404,836,000 bushels; Russia in Asia, 94,000,000 bushels; total

Asiatic production, 421,321,000 bushels; total African production,

44,439,000 bushels; total South American production, 72,000,000

bushels.

The oat product was, in bushels, in 1840, 123,071,341; in 1890,
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809,250,666; in 1899, 79(3,177,71.3. The oat acreage was 16,144,593 in

1880, and increased to 26,341,380 acres in 1899.

The rye product was 1.8,645,567 bushels in 1840, 28,421,398 bushels

in 1890, and 23,961,741 bushels in 1899, with a decrease of acreage

from L,842,233 acres in 1880 to 1,659,308 acres in 1899.

Cotton.—The cotton crop of 1850 amounted to 2,469,093 bales, and

the crop increased decennially up to the census of 1890, and almost

without a break annually since that year until the enormous crop of

1898-99, which amounted to 11,189,205 bales of considerably heavier

weight than the -bales of 1850. The cotton acreage increased from

14.480,01!) acres in 1880 to the largest acreage yet attained, in 1898-99,

which Avas 24,967,295. The cotton crop of the United States substan-

tially dominates the world market for cotton, its proportion of the

world's crop being from 80 to 85 per cent, and practically having little

competition within the lines of its own grades and qualities. The
State of Texas alone- produces more cotton than any foreign cotton-

producing country.

I'd;/.—-The hay production amounted to 10,248,109 tons in 1840; to

66,831,480 tons in L890, and to 56,655,756 tons in 1899; and the acre-

age increased from 30,1)31,054 acres in 1880 to 41,328,462 acres in 1899.

Tobacco.—From L840 to 1890 the production of tobacco increased

from 219,163,319 pounds to 488,256,646 pounds, and the acreage in the

latter year was 695,301 acres.

Potatoes.
—"White potatoes are a cropof extraordinary increase, the

bushels in L850 being 65,797,896; in 1890, 217,546,362, and in 1899,

228,783,232. From L850 to L890 the production of sweet potatoes

increased from 38,268,148 to 43,950,2.61 bushels.

AGRICULTURAL EXPORTS.

The development of the agriculture of the United States has much
more than kept pace with the enormous immigration, increase of

population, increase of domestic consumption for food and manufac-
tured products, and for cattle and other domestic animals. It has
furnished besides an enormous surplus for export. Only the exports

of the principal products can be given briefly:

Wheat.—The wheat export was 4,272 bushels in 1823; 4,155,153

bushels in I860, and 139,432,815 bushels in 1899. During the same
time wheat Hour was exported to the amount of 750,702 barrels in

1823, 2,611,596 barrels in 1800, and 18,502,090 barrels in 1899.

Cottox.—Theexports of raw cotton amounted to 173,723,270 pounds
in 1823, to 1,707,080,338 pounds in 1800, and to 3,773,410,293 pounds
in 1899. The more recent product, cotton-seed oil, had an export of

50,027,219 gallons in 1899, and the export trade in this product lias

chiefly grown up since 1889.

Hay and barley.—The hay export is relatively small, amounting



326 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

to only 64,916 tons in 1899. The barley export also is comparatively

small, amounting to 2,267,400 bushels in 1899, although it reached its

maximum amount of 20,030,301 bushels in 1897.

Corn.—The corn export was 749,034 bushels in 1823; it was 3,314,155

bushels in 1860, and 174,089,094 bushels in 1899. In addition to the

unmanufactured corn exports are the exports of corn meal, and these

amounted to 791,488 barrels in 1899; but a large portion of the corn

product is consumed by domestic animals, the exports of which are

mentioned below.

Oats and rye.—In 1899 the oat export amounted to 30,309,680

bushels, and the oat-meal export was 58,042,505 pounds. In the same
year the rye export was 10,140,876 bushels, and the rye-flour export

4,826 barrels.

Animals and animal products.—The following are the exports

of farm animals in 1899, the figures representing numbers of animals:

Cattle, 389,490; hogs, 33,031; horses, 45,778; mules, 6,755; sheep,

143,286. These numbers have grown during the last twenty-five

years from almost nothing.

The exports of beef products amounted to 19,053,800 pounds in 1866,

not including preserved meats, and the entire quantity of beef prod-

ucts exported in 1899 Avas 368,666,638 pounds; in the latter year the

beef-tallow exports amounted to 107,361,009 pounds. In 1866 the pork

products exported amounted to 97,756,169 pounds, and the number
had grown to 1,700,380,357 pounds in 1809. In 1899 the mutton ex-

ports amounted to 379,110 pounds.

A large item of export has grown up within a few years under the

name of oleo oil, and its export in 1899 aggregated 142,390,492 pounds.

The butter and cheese exports have in late years shown a decline,

and in 1899 the3T amounted, respectively, to 20,247,997 and 38,198,753

pounds.

Tobacco.—For many years tobacco has been a large item of export,

and its quantity has substantially remained constant for twenty-

five years or so. The pounds of leaf tobacco exported in 1899 were

272,421,295 and the value of the manufactured tobacco exported in

that year was $5,179,012.

Wool.—The wool export has rarely reached 1,000,000 pounds",

although in 1896 it almost equaled 7,000,000 pounds.

The statistics immediately preceding, as well as the others in this

paper, express forcibly and comprehensively, although tersely, the.

agricultural development through which this country has passed up
to the present time—a development which has been unparalleled in

the history of the world in its rapidity and magnitude.

FERTILIZERS.

The decade 1840-1850 marks an epoch in the history of agricul-

ture. The world was then making rapid strides in applied science.



PROGRESS OF AGRICULTURE. 327

Railroads were rapidly extending, ocean steam navigation became
established, the electric telegraph came into use, and, what was of great

importance in connection with agriculture, the chemical theory of

manures came to be understood. ''Artificial fertilizers,'" made accord-

ing to formulas founded on the chemical composition of the ashes of

plants, began to be manufactured, and came rapidly into nse. The use

of nitrate of soda and superphosphate of lime was becoming common.
The rapidity of this growth is perhaps best seen in the rise of the use

of guano. Samples had come to Europe early in the century; next a

few casks came; in 1840, Liebig, the eminent chemist, brought il

into notice, and the South American merchants sold a small cargo

that year. The next year some 2,000 tons were imported into Great

Britain.

The use of commercial fertilizers lias progressed from year to year,

until, in 189G, 1,894,917 tons were used in the United States, valued at

The economic advantages of the use of fertilizers are distinctly

shown in an investigation conducted by the Division of Statistics of

the Department of Agriculture in 189G. This was a unique investi-

gation of comprehensive character, and was applied to the production

of cotton. 1

Along with the increased consumption of commercial fertilizers,

there has been a vastly increasing realization by farmers of the value

and utility of barnyard and compost manures, especially in the parts

of the country where cattle are kept in stables throughout a huge
portion of the year. While the average production per acre of vari-

ous crops has not materially Increased for many years past, yet farm-

ers know that they not only must not, but can not, rob the soil of its

fertility without restoring the elements that go to make plant growth.

In sonic parts of the country, where the fertility of the soil is mate-

rially impaired, it is still the custom to let cultivated land lie fallow

for sufficient length of time to increase its fertility, but there is also

a large extent of country where this is not done, and where, on the

contrary, domestic and commercial fertilizers are liberally used.

Speaking in general for the whole country, the net result of the use

of fertilizers, so far, has been mainly to preserve the normal fertility

and production of the soil, although farmers' experiences have numer-
ously and extensively established the economic desirability of more
intensive agriculture.

EVOLUTION OF VARIETIES OF FOODS FROM PRODUCTS.

I here is one prominent feature in the agricultural development
of the United States that has received little public attention (a fea-

ture which alone is worthy of an extended article), and this is the

1 See Bulletin No. 16. miscellaneous series, Division of Statistics, U. S. Depart-

ment of Agriculture, The Cost of Cotton Production.
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extraordinary multiplication of the varieties of foods into which farm

products have been converted by the slaughterhouse, by the packing

house, by the cannery, and by the manufacture of health foods. The
effect of all this upon the consumption of numerous farm products

has been very considerable, and has, to some extent, revolutionized the

diet of the people of this country, and presumably of other parts of

the civilized world, especially of people living in cities and towns.

EARLY PRACTICES REGARDING FOOD SUPPLY.

One does not need to go back more than a generation to find the

meat supply derived from local farmers and butchers. Indeed,

among the great mass of the people living outside of the cities and

large towns the fresh-meat supply was a matter of neighborhood bor-

rowing; a farmer slaughtered an old cow, perhaps, and distributed

some of the quarters or other portions of the carcass among his neigh-

bors, with the expectation that they would return an equivalent when
it came their turn to butcher.

Until comparatively recent years the products of the farm were

distributed throughout the year for food consumption in a crude and

very restricted sense. Apples and green corn were dried in the sun

;

indian corn was preserved dry in the crib; potatoes, cabbages, and

turnips were kept fresh in the cellar; some beef was dried; pork and

beef were pickled in brine; squashes and pumpkins were kept for

some time after the harvest without rotting, and so on with a few

other products of the farm and garden.

CANNING, PRESERVING, AND REFRIGERATING IN RECENT YEARS.

An immense change in the relation of foods to seasons has taken

place within recent years. Fresh beef and mutton and pork and
poultry preserved by refrigeration can now be had in all parts of

the country from the farms and ranches of the Mississippi Valley, to

say nothing of the improved local meat supply. Many of the principal

garden products now know no season, owing to the canner and the pre-

server. The peach and the pear, the apricot and the plum, peas and

beans, lentils and green corn and tomatoes, and many kinds of ber-

ries—and so on through almost the entire list of the fruit and veg-

etable products of the farm and garden—are now to be had at all times

of the year, not always, perhaps, with the flavor they possessed when
gathered from their vines and stalks and trees, but yet with much of

their original freshness and flavor.

By means of canning and preserving the farmers' market has b<

enlarged both in time and space until the market for farm and garden

products now extends throughout the entire year, not only to remote

parts of this country, but to a large portion of the world.

If a list of the different kinds and descriptions of food were t c
* be

presented, it would, because of its magnitude, overtax the patience of

the reader. An attempt was made several years ago to prepare such
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a list for a publisher, and the undertaking had to be abandoned on

account of its unexpectedly large proportions and the time, labor, and

expense required. In this paper it is proposed merely to give three

illustrations of the heterogeneity that has characterized the develop-

ment of farm products as foods and for other purposes.

BUSINESS OF A PROMINENT PACKING COMPANY.

One of the large Western packing companies with enormous capi-

tal and business has been selected to illustrate how the extension of

the farmers' market has been promoted and elaborated in recent years.

This packing company owns the ears that are used to distribute it

s

products and to collect some of them. It has 500 tank ears for trans-

porting blood and tankage for fertilizers and various animal oils; it

has 4,000 cars for transporting dressed beef and 6,500 ears for trans-

porting fruit. From theprkvlists of this company, sent to its agencies

throughout the United States, the following facts are extracted:

beef carcass is cut into many different parts in various ways,

all intended to meet the demands of retailers and consumers, and the

different parts so cut, including all of the parts of the animal cus-

tomarily eaten, number 53. \\ ith regard to meat cuttings, the num-
bers are, pork 29, mutton 12, veal 5; number of boiled hams <'•; vari-

eties of sausages 43 and of delicatessen sausage 14—total varieties

of sausage 57. The dried salt meats are prepared with 10 different

cuttings; the bacon meats with 1

•

"»

_

There are hams of many descriptions, and dried beef, mess pork,

mess beef, pickled beef tongue, pork spareribs, mince-meat in pack-

ages of numerous sizes, lard, compound lard and lard oil, neat's-foot

oil, and tallow oil.

The canned meats include numerous varieties, among which may
be mentioned corned beef, pigs' feet, gelatin, boar's head, Oxford
Sausage, tongue, roast beef, boiled beef, chipped beef, deviled ham,
potted ham and tongue, minced ham, chicken, turkey, chile con carne,

pork am! beans, ox marrow, chicken tamale, and sauerkraut and
Vienna sausage, etc.

There are to be mentioned also some of the canned soups, as ox tail,

mock turtle, tomato, consomme, chicken, beef, mutton, vegetable,

puree of green peas, and so on.

The extracts of beef are liquid and in tablets of various descrip-

tions. The pickled tongues, pork hocks, and pigs' feet are of nine

descriptions, and there is poultry of all sorts and fresh eggs and
canned eggs, ducks, quails, venison, prairie chickens, pigeons, squabs,
and even frogs" legs.

COTTON SEED.

Cotton seed is a very marked instance of a former by-product of

the farm which has become of enormous value and of varied uses.
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The meats are made into oil cake and oil meal for feeding stuff and

for fertilizers; into crude oil, cotton-seed stearin, salad oil, cottolene,

miners' oil, and soap, and the oil is exported to Europe and brought

back again as olive oil. The hulls may be used for making paper;

they are made into bran for cattle food ; they are used for fuel, and

are an important contribution to the list of fertilizers.

Here is an enormous source of wealth which science has given to

the farmers within comparatively recent years. The estimated value

of the cotton seed of a 10,000,000-bale crop of cotton (to the planters)

is about $30,000,000, and this value is now almost entirely appropri-

ated by them.

DIVERSIFICATION OF DAIRY PRODUCTS.

Only one more instance of the elaboration of the products of the

farm need be mentioned to illustrate how varied the farmers' market

has become and how minutely his products have been made to create

and answer the wants of mankind. The following are the varieties

of the dairy products of the United States, as furnished by Maj. II. E.

Alvord, chief of the dairy division, Bureau of Animal Industry:

Butter.

Dairy and Creamery: In tubs, boxes, family packages, rolls, and prints.

Imitation Creamery: Ladled, Renovated, or " Process," all melted and rechurned.

Fresh or " Sweet; " that is, unsalted.

Cheese.

I. Hard: (a) Domestic varieties:

Factory Standard, or Cheddar.

English Dairy.

Young America.

Little Favorites. I

j)iffering jn size and form rather than in

Picnics, character.
Ponies. J

Skim cheese.

Pineapple.

Sage.

(b) Foreign forms, imitated:

Swiss, or Gruyere.

Edam.
Gouda.
Limbnrger.

Munster.

Brick.

II. Soft: Pot cheese, or smearcase.

Neufchatel.

Cream.
Isigny.

Brie.

Camembert.
Potted and prepared cheese, "Club-house," etc.
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Milk, etc.

Condensed inilk, sweetened.

Condensed milk, plain, or unsweetened.

"Evaporated cream."'

Cream, sterilized and canned.

Milk and cream, Pasteurized, "Certified," "Modified," etc.

Koumys, Matzoon, Wheyn, etc.

SOME ECONOMIC RESULTS OF MACHINES.

Much remains to be said with regard to the evolution of agriculture

in the United States, but only a brief reference can be made to some

of the more important results of the investigation of hand and
machine labor and processes as applied to agriculture, with a contrast

between fanning as it was practiced fifty to seventy years ago ami

farming as it is now carried on with the advantage of the labor-

saving ami perfecting implements and machines of the present time

as well as witli the improvements contributed by the chemist, the

"book farmer," ami the more enlightened experience of the last half

century. 1

CORN CULTIVATION AND HARVESTING.

Between L855 and lS'.'f the following changes took place in the

cultivation of corn. The time of human labor required to produce
one bushel of corn on an average declined from -1 hours and 3-1 min-

utes to II minutes, ami the cost of the human labor to produce this

bushel declined from 35| cents to l"j cents.

In the earlier years the plow and harrow of that period were used;

the check rows were marked with the shovel plow; the seed was
dropped by hand from a bucket or pouch carried by the farmer and
covered with a hoe; the cultivating was done with a shovel plow;

knives were used for cutting the stalks from the ground by hand;
husking pegs were worn on the hand in husking; the stalks, husks,

and blades were cut into fodder with an old-time machine turned by-

hand, and the corn was shelled by hand, either on a frying-pan handle
or on a shovel or by rubbing the cob against the unshelled ears.

A radical change had taken place in 1894. The earth was loosened
with a gang plow, and a disk harrow very thoroughly pulverized it.

A corn planter drawn by a horse planted the corn, and the top soil

was pulverized afterwards with a four-section harrow.

When it came to harvesting the corn, a self-binder drawn by horses

cut the stalks and bound them, and the shocks of stalks were then
hauled to a machine, which removed the husks from the ears, and in

the same process cut the husks and the stalks and the blades into

fodder, the power of the machine being supplied by a steam engine.

1 Report of the United States Department of Labor on Hand and Machine Labor,
1898.
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Then came the shelling of the corn, which is one of the marvels of

the changes that have been wrought by machines. In this case, the

machine operated by steam shelled 1 bushel of corn per minute, while

in the old way the labor of one man was required for 100 minutes to

do the same work.

WHEAT CULTIVATION AND HARVESTING.

The use of steam as a substitute for horse power in plowing, in har-

vesting, and in thrashing wheat has not materially contributed to

economy, except from a saving due to the elimination of animal

power, so the more common power supplied by horses is here selected

for the comparison. The years in contrast are 1830 and 1896.

It is one of the marvels of the age that the amount of human labor

now required to produce a bushel of wheat from beginning to end is

on an average only 10 minutes, whereas, in 1830, the time was 3 hours

and 3 minutes. During the interval between these years the cost of

the human labor required to produce this bushel of wheat declined

from 17f cents to 3& cents.

In the contrast thus presented the heavy, clumsy plow of the day

was used in 1830; the seed was sown by hand, and was harrowed into

the ground by the drawing of bushes over it; the grain was cut with

sickles, hauled to a barn, and at some time before the following spring

was thrashed with flails ; the winnowing was done with a sheet attached

to rods, on which the grain was placed with a shovel and then tossed

up and down by two men until the wind had blown out the chaff.

In the latter year, on the contrary, the ground was plowed and pul-

verized in the same operation by a disk plow; the seed was sown with

a mechanical seeder drawn by horses; the reaping, thrashing, and

sacking of the wheat was done with the combined reaper and thrasher

drawn by horses, and then the wheat was ready to haul to the granary.

HAYMAKING.

Hay is the next selection for comparison, the years being 1800 and

1891. When men mowed the grass with scythes, spread it and turned

it over for drying with pitchforks, when they raked it into windrows

with a hand rake, cocked it with a pitchfork, and baled it with a hand

press, the time of human labor required per ton was 35| hours; but

when for this method was substituted a mower, a hay tedder, and a

hayrake and hay gatherers and stackers drawn by horses, and a press

operated by a horse, the time of human labor was reduced to 1 1 hours

and 34 minutes, while the cost of human labor from the earlier to the

later year was reduced from 63. 0G to $1.29.

The more noticeable economy in haymaking is in the mowing and

curing of the grass. In these two operations the time of human labor

declined per ton from 11 hours to 1 hour and 39 minutes, while tin-

cost of the human labor declined from 83
:

'

s
cents to l(i[ cents.
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The comparisons mighl be extended throughout many of the crops

produced by the farmer, with a constantly recurring illustration of

the saving of human labor and of the diminution of the cost of pro-

duction by the diminution of human labor. With regard to animal

labor alone it often appears that an increased time is required in pro-

duction, but where there is an increased cost it is principally due to

the increased value of the labor of animals.

SAVING IX THE COST OF PRODUCING (HOPS.

The potential saving in the cost of human labor on account of

improved implements, machines, and processes, at the rate per bushel

or ton, as Hie case may be, has been computed forsevenof the princi-

pal crops of L899; the comparison is between the old-time methods of

production, in which hand labor was assisted only by the compara.

tively rude and inefficienl implements of the day and the present

time, when hand labor lias not only the assistance of highly efficient

and "perfected implements and machines, but lias been considerably

displaced by them. The saving in the cost of human labor in cents,

per unit of product, permits a very forcible statement of its equiva-

lent in money by means of a computation consisting of the multipli-

cation ofthe saving per unit into the crop of L899. The result expresses

the potential laborsaving in the production of seven crops of that year,

and is not an aggregate of the saving of human labor in the cost of

producing the crops for all of the years between the earlier and the

later ones, during which time this economizing and displacement

of human labor has baken place. In the case of the crop of corn, the

money measure of the saving of human labor required to produce it in

1899 in the most available economic manner, as compared with its pro-

duction in the old-time manner, was 1523,276,642; wheat, 179,104,867;

oats, 152,866,200; rye, $1,408,950; barley, $7,323,480; white potatoes,

$7,366,820; hay, $10,034,868.

The total potent ial saving in the cost of human labor for these seven

crops of 1890, owing to the possible utilization of the implements,

machines, and methods of the present time, in place of the old-time

manner of production, reaches the stupendous amount of $681,471,827

for this one year.

CONCLUSION.

It would be idle to claim that, the progress of the agriculture of the

United States and its evolution from the primitive scope and con-

ditions in which it was found by the settlers who came from Europe
have been set forth adequately, even in its important topics and
details, in the foregoing pages, but perhaps enough has been pre-

sented to explain in their main features the causes and opportunities

which in combination have led to an agricultural production actually

too great to be grasped by the human mind.
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As great as has been the growth of manufactures, mining, the fish-

eries, and trade and transportation, all of which tend to draw popu-

lation from agriculture, yet more than one-third of the population of

the country is engaged in agriculture or dependent upon agriculturists.

This element in our population has proved to be a strong one. It has

been conservative with regard to those things that experience has

demonstrated to be good. It has been an industrial element upon

which all other elements of the population have needed to depend as

the cornerstone of the social and industrial structure.

The agricultural element is the one independent element in our

society. Let whatever betide that may, this element has a degree of

independence in subsistence and in living that no other element has,

and still, as in the past, remains the chief mainstay of the nation.



SOIL INVESTIGATIONS IN THE UNITED STATES.

By Milton Whitney,

Chief of Division of Soils.

INFLUENCE OF TRANSPORTATION FACILITIES ON POPULATION AND
FARM CROPS.

The nineteenth century opened with the civilized communities of

the United States confined principally to the Atlantic seaboard and
along the ntos4 important rivers, where easy water communication
could be utilized in transporting farm products to the cities and for*

eign countries. This necessarily restricted farming to what are now
called the Atlantic Coast and Gulf Slates, but it is an interesting- fact

that this ar<-a contains a greater variety of soils, ranging from the

most fertile limestone valleys to the most barren sands and clays, than

be found in an area of equal size in any of the more recently settled

portions of the country. The most important cities of that period

were situated at the fall line of the rivers for liie advantages of water
po.ver in manufacturing and manipulat ing farm products on one side

of the city, and of water transportation to various markets on the

other side. About 1836 the Chesapeake and Ohio Canal was com-
pleted for a distance of about Go miles from Washington, D. C,
thereby opening up a large territory by placing it in easy communi-
cation with the coa -t. About this time also the Erie and other canals

were completed, and the possibilities of extension began to be con-

sidered. With the wide introduction of railroads, between 1850 and
1870, the possibilities of general and close connection between the

products of Western and inland soils and the Eastern cities and foreign

countries became fully apparent.

The gold discoveries of California in 1819 stimulated the interest

and led to the construction of the transcontinental lines of railways,

which have brought the Pacific coast into closer touch with the Atlan-

tic seaboard than Ohio and Kentucky were at the beginning of the

century; while the effect of steamship transportation furnishing rapid,

sure, and safe delivery of agricultural products to foreign countries

al very reduced prices has been to open up the markets of the world
and make it possible to dispose of the vast quantities of goods pro-

duced in excess of the requirements of domestic markets.

EARLY WESTWARD MOVEMENT IN SEARCH OF NEW SOILS.

At the beginning of the century (and even before) it was noticed

that the soils, particularly of Virginia and Maryland, were losing in

335
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fertility. With tins deterioration of the soils and the effect of compe-
tition from the rapidly increasing population, together with the natu-

rally restless spirit of a certain class among the settlers, a westward
movement set in along the fertile limestone areas of western Mary-
land, the Valley of Virginia, and the limestone areas (blue-grass

region) of Kentucky and Ohio. It speaks wonders for the intelligent

appreciation of the natural fertility of the soil by the pioneers of those

days that these areas were first settled, which are even now con-

sidered the most fertile and most valuable for general agricultural

purposes. The leading politicians and statesmen of the time, imbued
with the European ideas of intensive cultivation, opposed this exten-

sion and discouraged the tendency to diffusion, which was becoming
so apparent. There were political reasons which weighed even more
with them, but it is an interesting fact that these ideas were held by
such men at this perioci. The old Maryland and Virginia families,

who, as a rule, were devoted to their homes, contributed but slightly

to this extension, only a small proportion of the population of those

States being adventurous and restless enough to move West and there

open up wild and difficultly accessible tracts.

The products of the soils of Kentucky, Tennessee, and Ohio, which

began to take a place in the commercial world early in the present

century, were shipped by water to New Orleans.

EFFECT OF RAILRO*AD EXTENSION ON CROPS AND VALUES.

The Western extension of the railroad, which opened up the virgin

prairie lands of the West, where the cost of production is much less

than in the Eastern States, and where farming operations are of

enormous proportions, has had the effect of forcing specialization

upon the Eastern farmers. Some of the most worthless soils have

become of great value for certain crops, while some of the most fertile

soils have depreciated in value. Other soils have been abandoned

from inability to compete with the Western prairies, and the present

lack of any special crop or interest peculiarly adapted to them.

The influence of the railroads in providing easy, rapid, and cheap

transportation from the fertile prairies of the West and the extraor-

dinarily rapid settlement of the country have been far more potent

in the present distribution of farm crops and land values than the

exhaustion of the Eastern soils through continuous croppings of

nearly three centuries.

EARLY USE OF FERTILIZERS.

As before stated, the deterioration of the hinds in the older States

was giving no little concern both to statesmen and land owners at

the beginning of the present century. It was very generally believed,

and is even yet held, that the continuous cultivation of tobacco was

very seriously impoverishing the soil. This must have been alarming,

indeed, as tobacco had been the most important crop of the colonies,
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yielding a larg-o part of the revenues, and even passing as currency by

legislative enactment for nearly two centuries.

The ideas at that time regarding the requirements of plants and the

office of the soil in plant production were exceedingly crude. It had

long been a matter of dispute whether the soil furnished any essential

ingredients of plants. While these matters did not- begin to be

clearly understood until Liebig's remarkable generalization of the

mineral theory of plant growth in 1840, in the elaboration of which

our modern theory and practice of fertilization have been built, it is

a mistaken impression that fertilizers were not used before Liebig's

time for the increase of crops and the maintenance of soil fertility.

On thecontrary, they had been used foi a long time. The excrement

of animals had been used from the earliest historic times. It is stated

that the Indians put fish in hills of corn when planting in order to

increase the yield, and they taught our earliest settlers to do likewise.

Guano had been used from the very earliest times by the Peruvians,

and its richness and wonderful effects wereobserved by Humboldt in

1806.

Lime, plaster, and marl had long been nsci] on the soil, and were

earnestly advocated by agricultural writers. In L817 superphosphates

were manufactured for the first time in England, and other substances

had been tried with varying success for restoring and maintaining the

fertility of the land.

DEVELOPMENT OF THE USE OF FERTILIZERS.

It was not, however, until Liebig's work on the mineral theory of

plant growth that the exact requirements of the plants and the impor-

tant office of the soil began to be fully appreciated. The vehement
discussions to which Liebig's work gave rise led to a critical study of

the requirements of plants and the availability of soil constituents by
Boussingault, Lawes and Gilbert, and others. Between 1865 and
187.'3 the foreign experiment stations took up the matter and made a

critical study, by means of water-culture and sand-culture experi-

ments, on the exact requirements of plants for mineral nutrients.

The results of this work have laid the foundation for the development
of the present enormous industry of the manufacture and sale of

commercial fertilizers in this country.

In 1840 the first ship load of Peruvian guano was sent to England
for use as a fertilizer on lands. In 184:2 a company was organized

and the trade in this substance was regularly commenced. Guano
quickly spread in popular favor in this country, and it came to be

used very extensively upon the tobacco soils of Virginia and Mary-
land. After twenty or thirty years of continual usage, it was very

generally believed that the tobacco lands had been injured by its use.

The guano, it was supposed, stimulated the plant to such an extent

that other food materials in the soil were used up faster than they

1 A 99 22
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were made available through the natural process of weathering, and,

the plants suffered in consequence.

The Peruvian guano was used principally for its ammonia. The
West Indian guanos, which came in later, were found to be rich in

phosphates and better adapted and safer for some crops than the

Peruvian.

Ground bones and boneblack were almost the only other sources of

phosphoric acid until 18G7, when the South Carolina rock phosphates

were introduced. In this year six tons of this rock phosphate were

put upon the market. The mining of this South Carolina product

rapidly increased until the year of largest production in 1SS\), when
511,0-15 tons were produced. The Florida phosphates were developed

as a commercial product about this time, and still later the extensive

deposits in Tennessee were discovered and mined.

Wood ashes had been used for a long time with remarkable success,

but without the knowledge that the success depended largely upon

their potash content. They were indeed the principal source of sup-

ply of this element until the Stassfurt potash salts were introduced

about the year I860; since this time the Stassfurt salts have been the

principal and almost the only source of supply of potash in concen-

trated forms for crops.

In 1860, in the report upon the geology of New Jersey, Cook called

attention to the wonderful richness and effect on the soils of that

State of the greensand marls due to the potash and especially the

phosphoric acid content. Ruffin likewise called attention to the marls

of Virginia, and taught some valuable lessons on the manipulation

and care of fertilizers.

The trade in nitrate of soda began between 1830 and 1840. Animal

excrement and fish had long been used, as already stated; and these,

with the refuse from the large modern slaughterhouses, together with

sulphate of ammonia from the gas works, are still the main sources of

supply of nitrogen for crops.

After the early work of Johnson, who had been a student of Liebig,

the great commercial value of fertilizer analysis and control became

apparent, and, after the practical results attained by the German
experiment stations recently established, it is no wonder that on the

establishment of the first experiment station in this country, at Mid-

dletown, Conn., and in the other stations, which rapidly organized,

the subject of fertilizer control became the most popular and really

the most important subject taken up. The early investigations of

the German experiment stations between 18(35 and 1873 in water and

sand culture and the subsequent pot and field experiments determined

the essential elements of plant food likely to be deficienl in available

form in the soil, and these have been mined or manufactured in vari-

ous forms; but the rule for the mixing of these for various crops or

for different soils has been and is yet very largely empirical.



SOIL INVESTIGATIONS. 339

Many very elaborately planned and well executed field experiments

with fertilizers on various soils and with many crops have been car-

ried on in this country during the past twenty-five years, but, owing

to the varying character of the seasons and to other conditions not

clearly understood, the results have been conflicting and impossible

to interpret.

The Cornell experiment station carried on e the earliest of

these field investigations, then the Massachusetts station, the New
Jersey station, and many others. Atwater carried out a most elabo-

rate series of fit-id experiments with fertilizers for a number of years

through the cooperation of farmers in many of the Slates. McBryde
also carried on a most interesting series in Tennessee and another in

South Carolina. At water found that the requirement of any partic-

ular crop varies greatly, not only with the locality, but with the

climatic conditions. Results on one soil were likely to be entirely'

reversed on another, even with the same crop, and on the same soil

from one season to another, and this has been the general experience

in nearly ail such work.

\L INVESTIGATION OF SO

The discussion of the development of the use of fertilizers has pre-

ceded that of the chemical investigation of soils, because, although

the latter subject logically comes first, the use of fertilizers has been

developed more as the result of practical experience and deductive

om other scientific investigations than as a direct result of

the chemical analysis of soils.

It is aeedless to say that the original expectations and claims of the

Liebig school that a chemical analysis of soils and plants would give

definite indication of the requirements of a particular soil for any

plant have not been realized. There have been too many other fac-

tors influencing plant growth, which have not been considered or

which have not been clearly r, id by agricultural chemists. For

example, very little is known about the constitution of silicates or

the form in which the plant food is held in the soil, or the nature of

the influences affecting the solubility of these substances. Further-

more, the influence on plant development of the various elements of

meteorology or their resultant, comprised in the term climatology, are

no better understood. Nevertheless, the investigations have added

greatly to the store of human knowledge and have given a mass of

detail which will undoubtedly form a valuable basis for further general-

izations and further lines of research.

GROWTH OF SYSTEMATIC ANALYSIS OF SOILS.

As early as 1820 to 1830 various agricultural surveys were organ-

ized in several States, notably in Maine, Massachusetts, New York,

and North Carolina, but, one of the first official recognitions of the
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importance of soil analysis was in the establishment, by the legisla-

ture of Maryland in 1847, of the position of agricultural chemist for the

State, who, among other duties, was required to spend one year in each

of the districts and one month in each county and to visit each elec-

tion district; also to analyze specimens of each variety of soil which

might be brought to him or which he might find to exist. This work
was continued in a modified form up to 1850, when the survey was

discontinued. A number of reports were issued during this period,

which, on account of crudeness of the methods of analysis employed,

are only of historic interest so far as the analyses themselves are

concerned.

In the year 1850 Dr. David Dale Owens, assisted by Dr. Robert

Peters, began an extensive chemical examination of the soils of Ken-

tucky in connection with the geological survey of that State. This

is really the beginning of systematic work in the chemical analysis of

soils in this country. In 18G0 Hilgard published his report upon the

geology and agriculture of the State of Mississippi, and in 1875 he

commenced the series of investigations of the soils of California,

which have been vigorously prosecuted ever since. In 1875, in con-

nection with some of Hilgard's results, Johnson pointed out the

doubtful utility of the ordinary chemical analysis of soils as an indi-

cation of the relation of the soil to plant growth, except in special

and rather exceptional cases. He showed in a most forcible man-

ner that an ordinary amount of fertilizer, though sufficient to make a

difference between a good crop and a failure, could not be detected

in the soil by the most refined chemical means, and he concluded,

therefore, that the ordinary chemical analysis, giving only the gross

amount of substances dissolved by a mineral acid, could give no true

indication of the amount of food in the soil actually available to

crops. This conclusion was substantiated by the fact that nearly all

analyses by the methods then used indicated an amount of food ma-

terial, even in the poorest soils, sufficient for many average crops.

Notwithstanding Johnson's argument, the chemical work was con-

tinued by a few scientists. In 1879 the taking of the Tenth Census

provided an opportunity for Hilgard and his colaborers to undertake

a veiy remarkable and valuable series of investigations, including

the chemical analyses of the soils of the cotton States, and for Ki lie-

brew to collect a large amount of valuable information in regard to

tobacco soils of the United States. For forty years Hilgard has been

an earnest advocate of the value of the chemical analysis of soils,

although recognizing, to a certain extent at least, the influence of

physical conditions.

In the Tenth Census, Hilgard, in an article prepared in 1879, sum-

marizes tin; results of his long experience; but these are of the most

general character and adapted only to the most general application.
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EFFECT OF CHEMICAL KFSFARCH OX SOIL PROBLEMS.

The application of chemical research to the problems of the alkali

soils and waters of the arid West have been shown by Hilgard to be

of very great economic value. Not only has the character of the

waters been determined and settlers been warned of the use of waters

containing too much salt for irrigation, but the character and loca-

tion of the alkali sails in the soils themselves have been shown, and
in the case of the worst form of black alkali (sodium carbonate) a

remedial measure in the application of gypsum has been pointed out.

Drainage has been advocated in all cases where careful use of water,

thorough cultivation, and judicious cropping will not protect the crops.

The Alabama geological survey republished in modified form the

results of the chemical work on the soils of thai State which had been

done for the Tenth Census. Since that time several of the otheu

Stales, notably North Carolina and South Carolina, have likewise

republished the census material in modified form. Several of the

State geological survey 8 have invest igated the chemical composition of

the soils of their Stales. In 1895 Wheeler began and has since carried

on an interesting line of investigation upon the acidity of the Rhode
Island soils and the marked value of lime as a corrective for this.

The method of analysis employed byOwensand Hilgard, and which
is still followed to a large extent, was to digest the soil for a considera-

ble time with hot concentrated hydrochloric acid. When it became

apparent that the results secured by this digestion did not clearly

express the relative value of soils for crops, Grandeau's hypothesis

was taken up and the amount <>\' plant food contained in the organic

matter of the soil was determined. More recently many modifications

have been suggested in the use of dilute mineral and organic acids in

the effort to find a solvent which will express more exactly the amount
of available plant food in the soil. Owens recognized the advisability

of this in the use of carbonated water in the digestion of some of his

soils. Nothing wholly satisfactory as a method of analysis has j~et

been worked out.

Hilgard recognized, in his Mississippi work, that plants are often a

sure indication of tin 1 agricultural value of a soil. In the Tenth Cen-

sus he state-:

A soil naturally timbered with a large proportion of walnut, wild cherry, or. at

the South, with the poplar or tulip trees, is at once selected as sure to be both pro-

ductive and durable, especially if the trees are large. He (the farmer) knows well

that the black and Spanish oaks frequent only '-strong **
soils, and that the admixture

of hickory is a welcome addition, while the occurrence of the scarlet oak at once

lowers the land in his estimation, and that of pine still more so. However much
opposed to the cocklebur in his fields, he welcomes it as a sure sign of a good cot-

ton soil, as much as though he had seen the latter itself growing for a series of

years. * * * Taking for granted the soundness of the principle involved in

judging the productiveness and the peculiarities of soils from their natural vegeta-

tion, and having gained a large array of additional data from personal observation
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in the field, I have then sought to ascertain by close chemical and physical

examination of the soils in their natural condition the causes that determined this

natural selection on the part of certain species of trees and herbaceous plants, while

at the same time observing closely the behavior of such soils under cultivation,

their special adaptation, etc.

At the very close of the century tho ideas brought out by the devel-

opment of physical chemistry and tho modern theory of solution give

promise of many productive lines of investigation, which will undoubt-

edly greatly extend our knowledge of the chemistry of soils and

explain many of the important problems of the distribution of crops

and vegetation.

BACTERIOLOGICAL INVESTIGATION OF SOILS.

During the past twenty years bacteriologists have contributed a

fund of information in regard to the bacteriological changes in the

soil, especially upon the subjects of nitrification, denitrification, and

the fixation of free nitrogen by the soils. These had been subjects

of investigation by chemists for years, but it was not until the work
of Pasteur, on the cause of fermentation and putrefaction in general,

that the true basis of this soil work could be comprehended. Since

then the subjects of nitrification and denitrification especially have

been exhaustively studied. Quite recently the effect of leguminous

plants with their tubercles and of cultures from these on the soil has

received attention from the State agricultural experiment stations,

notably the Alabama station.

This work has not only added to our general knowledge of the con-

stitution and condition of the soils, but it has modified the practice of

field culture, has enhanced the value of leguminous crops for green

manuring, and is opening up the possibilities of pure bacterial cultures

to increase nitrification and promote the fixation of the free nitrogen

of the air by the soil. It has shown the most rational and economical

methods of caring for and manipulating manures and composts and

of applying green manures and nitrogenous fertilizers to the soil.

PHYSICAL CONDITIONS AND SOIL INVESTIGATIONS.

The physical conditions and peculiarities of soils have long been

recognized as a potent factor in crop production. The early Romans
used to plant their crops in wet soils on high ridges in order to secure

sufficient drainage and early maturity. The sea island cotton plant-

ers, in the early part of the century, used the same method in a modi-

fied form to insure the maturity of the long staple crop within the

limits of the growing season. More recently the practice of under-

drainage with poles, stones, and tile-drains has supplanted this crude

method and has given much more effective results.

UNDLRDRAIXAGE AND IRRIGATION.

About the middle of the present century the popular craze for

underdrainage may bo considered to have reached it* maximum, but
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since then there has been enormous development in practice, particu-

larly in the States of New York, Ohio, and Illinois. Shortly after this

time the subject of subsoiling, to increase the water-holding capacity

of the soil and as a protection against drought, became a popular fad.

It was advocated by the agricultural press, and was much practiced in

the Eastern States, but the general experience seemed to bo that it

was at least of doubtful utility on most soils for the staple crops, and

did not compensate for the cost and great labor involved. In some

cases, especially in horticultural work, it has been of the greatest

value. It has recently been very successfully practiced in the soils

of the semiarid regions of the "West in providing a greater storage

capacity for the soils against seasons of drought.

In 1847 the Mormons, driven out of Illinois, settled in Salt Lake

Valley, Utah, ami started the first systematic attempt at modern irri-

gation practiced in this country for the production of crops in arid

soils. Since then this method of cultivation lias been extended al-

most to the limit of the available water supply of the arid West.

Volumes have been written upon the subject of irrigation and the

wonderful development in the arid West; and the influence on the

commercial world of the crops from the irrigated districts speaks for

the success of this method of cultivation under these special condi-

tions. Quite recently the Department of Agriculture has attacked the

problems of seepage and alkali in the irrigation districts with the most

gratifying success. The alkali soils are being mapped, the source of

the alkali determined, the cause of the accumulation of the alkali

salts shown, and the rational treatment of the lands to prevent injury

and to reclaim abandoned lands pointed out.

TEMPERATURE AND MOISTURE OF SOILS.

Considerable attention has been given in the past twenty years to

the study of the temperature of soils. The work was started in this

country at the Houghton Farm in Xew York in 1SS2. It was taken up
by the Geneva experiment station in 1S83, by the North Carolina station

in 1886, and by theMaine experiment station in 1889. Since then consid-

erable work has been done by the experiment stations of Indiana, Michi-

gan, and other States. A great amount of statistical data has been
obtained and some few rather unimportant generalizations have been

made, but the subject is extremely difficult and complicated, and
much of the data has not yet been interpreted.

The North Carolina experiment station recognized the influence of

moisture on the temperature of soils and the very much greater

influence of the changing moisture content during the growing season

than the normal differences in temperature. This subject was there-

fore taken up as of paramount importance. This moisture work was
continued at, the Maryland experiment station and later was consid-

erably developed by the Department of Agriculture.
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In the Department of Agriculture an electrical method of moisture

determination has been devised, and a large amount of data collected

and published showing the relation of some of the important types

of soil to crops qnd the influence of soil moisture on the distribution of

crop interests. It has been shown that this is a factor in climatology.

It is believed that this work has been carried as far as is justifiable

without a very wide extension of the work in the line of climatology,

which circumstances have not warranted.

TEXTURE OF SOILS.

The mechanical composition, or texture, of soils was studied by
Ililgard and many analyses were published by him in the report of

the Tenth Census and in the bulletins of the California experiment

station, but no general conclusions or principles were drawn from the

work. In 1891 the Maryland experiment station developed the work,

in cooperation with the Department of Agriculture, in the study of

the soils of Maryland. In 1802 the Weather Bureau published a

report of this work in a bulletin entitled "The physical properties of

soils in their relation to crop production," in which it was shown that

there was a relation between the texture of the soils and the crops

and agricultural interests adapted to the land. This had been recog-

nized to a certain extent in the specialization of the truck farming on

the light sandy soils of the coastal plains, but these soil investiga-

tions shoAved that nearly all the soil types which differed in agricul-

tural value and adaptation to crops differ also in texture and physical

properties to an extent which might reasonably account for the exist-

ing conditions.

Since then the investigations of the Department of Agriculture of

the truck soils of the Atlantic coast and of the soils of the principal

tobacco districts, as well as other less complete Hues of investigation,

show very .strikingly the influence of the texture and physical prop-

erties of soils on crop production. The commei'cial type and grade

of tobacco and the adaptation to cigars, cigarettes, pipe smoking,

chewing, or export, are dependent partly upon the climatic conditions

and largely upon the texture of the soil.

SOIL MAPS.

Ililgard published an agricultural map of Mississippi in 1860 show-

ing the distribution of the soils of the State. This was based princi-

pally upon the distribution of the native vegetation, especially upon
the forest trees. Following out this idea, soil maps of all the cotton-

producing States were published in connection with the Tenth Census.

Much of this work has subsequently been republished in modified form

by the several States and enlarged maps have been issued.

Many general reconnoissances have been made by State geological

surveys and by the transcontinental surveys for railroads.
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Iii 1802 the first soil map, based upon the texture and physical

properties of soils, was issued by the World's Fair Commission of

Maryland, in connection with the handbook of the State prepared at

the Johns Hopkins University.

Quite recently the Department of Agriculture has undertaken the

survey and mapping of the soils of some of the important agricultural

districts of the country. The work is based entirety upon the differ-

ences in the texture of the soil as seen in the field, the distribution of

vegetation, or such other evidences of the agricultural value as can

be obtained in the field. While these field methods are quite inde-

pendent of laboratory work in the actual preparation of the maps,
chemical, physical, and geological laboratories are maintained to

investigate the different types of soils, their origin, and exact chemical

and physical composition. In 1899 about 720,000 acres were thus

surveyed and mapped on a scale of one inch to the mile.

This work includes, as a most valuable feature, the investigation

and mapping of alkali soils and the preparation of alkali maps.

These later maps are based upon actual field determination of the

soluble salts, to a depth of 6 feet or more, by an electrical method
and by certain chemical field methods devised by the Department of

Agriculture for this work.

IMPORTANT sol!. INVESTIGATIONS ANl> THEIE UTILITY.

The most important lines of investigation and their probable utility

may be briefly summarized. The most pressing need is a more rat ional

and more complete theory upon which to base our system of fertiliza-

tion. I! seems hopeless to expect much from the indiscriminate chem-
ical analyses of soils by the methods at present in use to indicate the

actual needs of a soil, save only in exceptional cases. From the

preparation of detailed soil maps and the study of large and uniform
types of soil, with their slight but significant variations in chemical

composition and physical properties, compared with other types hav-
ing well-marked differences, much may doubtless be learned. The
study of the solubility of the soil constituents,' the equilibrium be-

tween the resulting components, and the disturbances of the equi-

librium by the addition of salts and fertilizers of different kinds,

together with the absorptive phenomena and diffusion and leaching,

is extremely important in view of their bearing upon the needs and
the effect of fertilizers. Then, the effect of long-continued cropping,

the effect of changing climatic conditions on the crops, the develop-

ment of the crop itself, and the experience of farmers, if thoroughly

investigated, will give suggestive hints of the soil conditions.

The physical investigation of the texture and structure of soils and
of the important changes which are known to result from the physical

forces acting between the soil grains in all conditions, from a loose

loam to a puddled and impervious silt or clay; and the effect on
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these physical forces and physical properties of fertilizers, cropping,

and cultivation, will unquestionably he of economic value.

The relation of soils to moisture and the variation of soil moisture

throughout the season, in connection with temperature, humidity, and
movement of the air, and the duration and intensity of the sunshine

as an essential feature of climatology should be developed to the full-

est extent, as they unquestionably play a very important part in the

development and distribution of crops. The investigations of the

Division of Soils indicate that the time has come when the relation

between these factors can be determined and their relation to plant

growth can be intelligently studied.

Probably the most important immediate results of practical utility

to be derived from these soil investigations are the mapping of large

areas in important agricultural districts. In the irrigation districts

these investigations point out any source of alkali which is to be

feared, the cause of the accumulation, and give a basis for the intel-

ligent underdrainage when necessary to remove the salts and seepage

waters. In all cases the maps show the various types of soils, and
the reports accompanying them explain the differences in these soils,

so far as possible, and describe their characteristics. The greatest

value of these maps will be in the possibility of intelligent specializa-

tion. When a light loam is seen adjoining a heavier loam or clay the

methods of cultivation or cropping should not be alike, and will not

be when the farmers realize the importance of the differences in the

properties of the soils. It is generally a waste of energy to attempt

thus to compete, or use the same methods, or even to grow the same

crops oftentime on soils of such different texture. The safest and

altogether most practical thing is to recognize the differences in the soils

and the peculiarities of each; use each for the particular crop or class

of crops best suited to the conditions; then attempt to improve each

by the controlling factors, which are quite sure to be revealed in the

experience of changing climatic conditions and the development of

crops in the course of two or three years. The development of plants

is a sure and safe guide generally to an experienced person as to the

condition of the soil. This specialization is unquestionably develop-

ing in this countiy as a result of competition and of social conditions,

and reliable and detailed soil maps will be the best possible basis for

this purpose.
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By F. Lamson-Scribner, B. Sc,

Agrostologist.

DEFINITION OF AGROSTOLOGY.

The science of agrostology, strictly speaking, relates only to the

true grasses, and an agrostologist is one who lias made a special study

of these plants; but in the present paper the term is used in a hroad

sense, and embraces not only the true grasses, but all other pasture

and fodder plants. In this broad sense the subject becomes one of

the greatest economic importance, in which every citizen of the United

States is more or less directly interested; but only its more salient

features can be considered in this paper, many interesting minor facts

being of necessity wholly omitted. In the present treatment of the

subject it has been found convenient to divide it into two parts:

First, economic, or applied, agrostology; second, scientific, or system-

atic, agrostology.

ECONOMIC, OR APPLIED, AGROSTOLOGY.

DITIONS PRIOR TO THE BEGINNING OP THE CENTURY.

Prior to L800 practically nothing had been done in this country in

the cultivation of grasses and forage crops. There were compara-
tively few farms, and the food supply of cattle and horses was chiefly

furnished by the natural growth of the indigenous grasses. The
great grazing regions of the West were then unknown, and the almost
boundless capacity of this country to support cattle of all kinds was
not even suspected. The best known hay and pasture grasses were
not unknown in those days; timothy, redtop, tall meadow oat grass,

orchard grass, crested dog's-tail, and meadow foxtail had been fre-

quently mentioned by agricultural writers for fifty years or more.

Schreber, in his great work on grasses, published in 170!), minutely
describes and illustrates all the species just mentioned, besides many
others, including the now popular smooth brome grass; he notes, too,

the special characteristics of each grass, the kind of soil to which it

is adapted, and its agricultural value. It is a curious fact, noted
also by Schreber, that timothy, a native of Europe, was introduced

into cultivation in Europe through seed secured from this country.

CONDITIONS DURING SEVENTY-FIVE YEARS OF THE CENTURY.

Although at the beginning of the present century the list of forage

grasses contained many names, very few had been taken up by Ameri-
can farmers; in fact, it does not appear that during the first half of

347
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the century any marked progress had been made in the way of culti-

vating new or improved varieties. A few of the leguminous plants

began to attract attention, but the farmers throughout the New Eng-

land and Middle States were mostly content with timothy and redtop

or timothy and clover and apparently cared for little else. The value

of clovers and leguminous
crops generally for improv-

ing the soil was recognized by
the more progressive farm-

ers, and improved farming

methods were beginning to

be practiced by the more
intelligent. In the South

little attention was paid to

grasses, and the planters

imported most of their hay
supply from the North. The
common cattle found suste-

nance in the natural herb-

age, and crab grass, the poor

mail's hay, was as common
then as it is now. In the

West no attention whatever

was paid to the cultivation

of forage crops, the rich and
abundant growth of grasses

which everywhere covered

the country at that time

seeming to offer an inexhaust-

ible supply for all grazing

animals.

"Grasses for the South,

"

by Rev. C. W. Howard, is the

subject of a valuable paper

published in the Agricultural

Report of the Patent Office

for 1860. Thirty-one varieties of grasses and forage plants suited to

the South are described, and in the same paper fifteen economic

grasses of Texas are described by Mr. G. Lincecum. The laying down

of meadows and pastures and the management of grass lands are

also fully discussed.

In L869 (lie Superintendent of Gardens and Grounds of the Depart-

ment of Agriculture, Mr. William Saunders, started a grass garden

upon the Department grounds, in which fifty-one variet ies ot grasses and

forage plants wen; cultivated. The results obtained the first season

were published in the Report of the Commissioner of Agriculture for

Ww
Fig. 5.—Big blue stem (Andropogon provincialis): a,

a pair of spikelets; 6, first empty glume; c, second

empty glume; (/, third glume: e, fourth, or flower-

ing, glume; /, palea; g, lodioules.
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1869. Further notes in regard to these experiments by Mr. Saunders

appear in the Report of the Commissioner for 1870, and in the same

report there is a most interesting account of the grasses of the plains

and of the eastern slope of the Rocky Mountains. Several of the more
important species, including big blue stem, the various gramas, bromes,

and fescues arc described, and their apparent value commented on.

It is claimed that the big blue stem (Andropogon prbvincialis, fig. 5),

together with the little blue stem (Andropogon scoparius), formed GO

per cent of the grass flora in the Missouri River region and 26 per

cent of the grasses in the Rocky Mountain region. The paper in the

report of 1870 appears to be the first that treated exclusively of the

grasses of the region mentioned from an economic standpoint, and
the grasses then noted as being of most value are those attracting

most attention to-day.

GRASS AND FORAGE PLANT INVESTIGATIONS.

As early ns 1878 Dr. Vas^y, the Botanist of the Department of Agri-

culture, published in the reports of tin- Commissioner illustrated

papers on the grasses and forage plants of the country, and during

the entire period of his service, from 1872 t<> L893, lie continued to

give much attention to the subject and to devote much effort t:> pro-

moting the interests of economic agrostology.

The unwise management and overstocking of the rich grazing lands

of the West have forced upon the farmers of that section the necessity

of giving attention to the cultivation of forage crops or at- least mak-
ing an effort to preserve those grasses which have not already been

destroyed. The cattle ranges of the Southwest were the earliest to

r from overstocking, and i! was to this region that the Depart-

ment of Agriculture first directed its attention along lines of grass

and forage-plant investigations. In 1886 the Botanist of the Depart-

ment drew attention to the enormous loss of cattle in the Southwest
through overstocking of the ranges and lack of protection from storms
in winter. In Bulletin No. ''> of the Division of Botany, published

earl)
-

in 1887, there was presented a report on certain grasses and for-

age plants for cultivation in the South and Southwest. In this report

we find lengthy accounts of carpet grass, hairy-flowered Paspalum,
guinea grass, crab grass, Texas millet, etc. This was the first work
of the kind published by the Department, and owing to the very com-
plete and practical treatment of the subject, it at once excited a good
deal of interest among the farmers and ranchmen of the region it was
designed to cover; and it set them to thinking about improving their

hay lands and pastures. During the year 1867 the Botanist carried

on field investigations through western Texas, New Mexico, Arizona,

Nevada, and Utah, the results of which were published in Bulletin

No. 6 of the Division of Botany. An enumeration of the grasses of

Texas was published in 1890 in Vol. II of the "Contributions from the

U. S. National Herbarium." The most coniDrehensive economic work
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published by the Department on grasses and forage plants was issued

in 1889 under the general title of the "Grasses and forage plants of

the United States, by Dr. George Yasey, with an appendix, giving the

chemical composition of grasses, by Clifford Richardson." This work
contains 111 full-page plates, illustrating the various grasses and for-

age plants described, and is essentially a. revised and enlarged edition

of a similar report published in 1881, under the title "Agricultural

grasses of the United States."

During the year 1888 the results of the investigations in the arid

regions the two previous seasons bore fruit in the way of securing

from Congress an appropriation for the establishment of a grass

experiment station at Garden City, Kans. This was the first effort of

the kind receiving governmental support. The tract selected for this

station contained 2-10 acres, and experiments were carried on there for

five years, from 1888 to 1S03. The results accomplished were on the

whole satisfactory, and were given in detail in the Reports of the

Secretary of Agriculture for 1801, 1802, and 1893.

There have been a number of works on grasses and forage plants

published by private enterprise during the last half of the present cen-

tury. These works, being widely read, have played no insignificant

part in diffusing a knowledge of the plants of which they treat, and
doubtless they have had a direct influence in improving American
agriculture. Among the more important of these publications, the

following may be mentioned: "The grasses of Wisconsin," by Dr.

I. A. Lapham ; "The grasses and forage plants of Tennessee," hy J. B.

Killebrew, published in 1878; "Grasses and forage plants," by C. L.

Flint, an illustrated work of nearly 400 pages; "A handbook of the

grasses of Great Britain and America," by J. Henderson; " Farmer's

book of grasses ami other forage plants for the Southern United
States," by D. L. Phares; " Grasses and their culture,"by J. S. Gould,

212 pages and 71 plates, published in the Report of the New York
Agricultural Society for 1869; and the first volume of Beal's " Grasses
of North America," which includes chapters on the physiology, com-
position, selection, improving, and cultivation of grasses and clovers.

During the past twenty years great progress has been made in the

introduction of new forage plants and improved methods of forage

production and feeding. Probably the greatest advance has been
made in the use of silage and soiling crops and in the increased pro-

duction of leguminous plants. The agricultural press of the country,

the numerous publications of the State experiment stations, and the

various bulletins and reports issued by the Department of Agricul-

ture, have all helped to bring about these improved conditions, until

to-day <>!'.!• country leads all others in the art of applied agrostology.

ESTABLISHMENT AND WORK OF THE DIVISION OF AGROSTOLOGY.

A new impetus was given to the work of applied agrostology in the

United States by the establishment, in 1805, of a division in the
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Department of Agriculture devoted exclusively to the investigation

of grasses and forage plants. The recommendation for the establish-

ment of sach a division was made by the Secretary of Agriculture in

his Annual Report to the President for 1- 'ollows:

The forage interests in the United States are vast in value. Seventy million

tons of hay are cut and cured each summer. This crop is taken from 50,030,000

acres of land. Each year's hay crop is estimated to be wort) 000. No
accurate means have been found for ascertaining the cash value of grasses upon
pasture and other 1 tnds that are grazed. It is known, however, that these lands

support and fatten vast herds of cattle, sheep, and horses. In 1890 such ranges in

the United States fed 14,059,030 head of domestic animals. Asth< msof
animals subsist largely upon native gra ses and other forage plants, the magnitude
of these figures elucidates the vital necessity of securing, if possible, new and
better forage plants in this country.

"
;:

' * * Therefore ::
"

::" * it is proposed

to create a new division in this Department [Agriculture], as provided in the

estimates submitted herewith, to be called "The Division of Agrostology."
* * * If the hay production in the United States, a; a result of this effort in

If of agrostolo 1 only l percent, it isequal to an increa

per year in the value of this single farm product.

Tin- law passed by Congress, in accordance with the above recom-

mendal ion, ••-; ablishing the Division of Agrostology, provided for held

and laboratory investigations relating to the natural history, geo-

phical distribution, and uses of the various grasses and forage

plaids and their adaptability to special soils and climates; the estab-

lishment and maintenance < £ experimental grass stations; the collec-

tion of seeds, roots, an-! specimens for experimental cultivation and
distribution; the preparation of drawings and illustration., for s pecial

purposes, as well as illustrated circulars of information, bulletins, and
monographic works on the forage plants andgrassesof North America.

This law authorized work along technical, or systematic, lines, as well

as lines of applied, or economic, agrostology. 1; made possible greater

concentration of purpose and mo ic effort than had before

.
(!, and gave due recognition to an agricultural subject of the

greatest importance to the entire country. It afforded means for a
wider distribution of the knowledge already gained by the Depart-

ment and the State experiment stations, and rendered possible the

undertaking of new lines of research and closer cooperation with

experiment stations and individuals in future investigations. Imme-
diately upon the establishment of this new Division, plans were laid

for a vigorous and systematic prosecution of the work along the lines

indicated in the act of Congress. In a country of such vast extent
and \aried character as the United States, there were necessarily

many problems relating to the forage supply that demanded the atten-

tion of the Agrostologist, and the range of investigations, embracing
both purely botanical work and the more practical questions relating

to methods of cultivation, adaptation of varieties to local conditions,

and the factors governing the forage supply of the different sections

of the country, opened a broad and interesting field of labor.
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Investigations in the West.—One of the first subjects to engage
the attention of the Agrostologist was the cause of the depletion of

the Western stock ranges and the best means of restoring the grasses

which had been destroyed by overstocking. Preliminary work was
at once undertaken through studies in the field and by the establish-

ment of grass gardens at Washington, D. C, and elsewhere, and by
instituting cooperative work with individuals and State experiment
stations. During these investigations the more important regions

concerned were visited, leading stockmen and farmers were consulted,

and data secured concerning soil and climatic conditions relating to

forage problems, distribution and value of the native grasses and
forage plants, the existing conditions of the stock ranges, the best

methods of growing grasses and forage crops, and other questions per-

taining to forage production. It soon became evident that one of the

most effective means for ascertaining the best methods of restoring or

improving the ranges would be the establishment of stations at typi-

cal points, where tests could be made with drought-resisting grasses

and forage crops, and where general methods of range improvement
could be practiced. Such stations were established in 1898 in Texas

—

one at Abilene and one at Clianning. Another station was carried on
at Knoxville, Tenn., in cooperation with the experiment station of

that State, and early in 1809 arrangements for cooperative work with

the experiment station of South Dakota were effected, and a station

established at Highmore. Other station work lias been done in coop-

eration with Western railroads at points in eastern Washington.
The field investigations carried on by the Division in the West have

been in the States of Montana, Wyoming, Colorado, the Dakotas,
Nebraska, Iowa, and Texas. From this work in the West, which is

still being carried on, the following publications have directly resulted

:

"Grasses and forage plants of the Rocky Mountain region," Bulle-

tin No. 5; "Grasses and forage plants of the Dakotas," Bulletin No. 6;

"Grasses and forage plants of Iowa, Nebraska, and Colorado," Bul-

letin No. !); "Grasses and forage plants of Central Texas," Bulletin

No. 10; "Grasses and forage plants and forage conditions of the

Eastern Rocky Mountain region," Bulletin No. 12; "The Red Desert

of Wyoming, and its forage resources," Bulletin No. 13; "Grazing
problems in the Southwest and how to meet them," Bulletin No. 16,

and Circulars Nos. 21 and 23, the former being the first report on the

experiments at Highmore, and the latter dealing with the results of

the work at Abilene.

Grazing and forage problems in the South.—The grazing and
forage problems in the South are of great importance. Keen compe-
tition is forcing the planters to adopt more diversified systems of

agriculture. Four hundred species of grasses occur in the Southern

States, and there are broad areas in these States which may profitably

be devoted to meadows and pastures. While investigations have
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been going on in the "West, a study of those grasses most likely to

succeed and at the su;no time meet the needs of stock raisers and

dairymen in the South has been made a feature of the work of the

Division, particular attention having been given to the native forage

plants and the best methods to be employed in maintaining or improv-

ing the existing pastures and forage supplies. In cooperation with

the experiment station at Knoxville, Tenn., already referred to, trial

cultivation of many varieties of grasses and other fodder plants has

been made. Field work has been carried on in the States of Missis-

sippi, Louisiana, Alabama, Georgia, Florida, North Carolina, and
South Carolina, and a large amount of material of both botanical and

practical interest has been gathered by direct observation or through

correspondence. Several bulletins bearing upon this work have been

published. The first bulletin issued by the Division was "Notes on
4

the grasses and forage plants of the Southeastern States," and the

following is taken from the introduction to this bulletin:

Very few plants are widely cultivated in the South for hay or pasturage, tho

farmer relying for the most part upon the wild grasses. These may be roughly

divided into two classes, the fust comprising introduced grasses, mostly annuals,

which spring up ou cultivated land after tho regular crops have been removed;
the second, native grasses, the majority perennials, which make the bulk of th

pasturage. Of the first class, by far the most important, is crab grass (Panicum
minale) , which forms a great part of the volunteer hay crop of the South

Atlantic and Gulf States. With it are often associated crowfoot or barn grass

(Eleusine indica), little crowfoot (Dactyloctenium cegyptiacum)
,
pigeon grass

(Setaria glauca), and, in the far South, spur grass (Cenehrus echinatus), aud
Mexican clover (Richardsonia scabra). Of the native, perennial grasses, per-

haps the most important belong to the genus Paspalum, Louisiana grass (Pus-

m platycaule) being the most common and best known. Panicum serotinum

is als > a valuable pasture grass over extensive areas. The broom sedges {Andro-
species i . early in the season, make the bulk of the grazing on thin, dry soils.

e other widely known forage plants, belonging to neither of these classes,

must be mentioned. Johnson grass, dreaded as a weed, yet esteemed as a forage

plant, is an introduced perennial grass, highly valued for hay. Japan clover

(Lespedeza striata) is perhaps the most valuable pasture maker, for the largest

area, in the Southern States, while both for hay and for gracing Bermuda is

king among grasses throughout the South.

Other publications relating- to the work done in the South are
" Forage plants and forage resources of the Gulf States," Bulletin No.

15, published in 1896; and "Southern forage plants," Farmers' Bul-

letin No. 102, published in 1899.

Investigations on the Pacific Slope.—The grasses and forage

plants of the great region west of the Rocky Mountains, constitut-

ing the Pacific slope, have from time to time received some attention

from the Department of Agriculture, but the first systematic work of

investigating the plants of that region was begun in 1898, when the

Agrostologist visited the more important localities, noting the physi-

cal conditions of the soil aud natural forage resources. Throughout
the drier sections east of the Cascades the capacity of the cattle

1 A 99 23
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ranges lias been much reduced through drought and overstocking and
the forage problems there are very similar to those in western Texas
and Wyoming, and can be met by similar methods. Experimental
work with grasses and forage plants was begun in 1898 in cooperation

with the Northern Pacific Railroad and the Oregon Railroad and
Navigation Company. The preliminary report on this work has been
published as Circular No. 22 of the Division of Agrostology.

Special Investigations.—Aside from the general work of iuves-

t igation of grasses in their relation to the forage supply of the country,

special studies have been made on individual species, such as cow-

peas, sorghum, millets, saltbushes, vetches, etc., concerning which
special papers or reports have been issued by the Depart ment. Investi-

gations have also been carried on relative to the adaptability of grasses

to special uses, such as the formation of lawns, the binding of soils

subject to wash, and the holding of drifting sands. Careful studies

have been made of the grasses used in various parts of the country for

lawns, and the results of this work were published under the title of
" Lawns and lawn making" in the Yearbook of the Department for

1897. The question of texture and color, so important in the making
of a perfect lawn, were discussed in that paper, and illustrations

introduced showing diversity of texture between several varieties of

grasses which have been used as lawn grasses. In the United States

there are long stretches of country bordering the Atlantic and Pacific

coasts, and even along the shores of the Great Lakes, which are cov-

ered with drifting sands. These shifting sands are not confined to

the shores of these great bodies of water, but frequently occur along

the river banks and at various points in the interior of the country.

In some cases the drifting of these sands is a serious menace to profit-

able agriculture, and along the coasts and rivers there is often danger

to navigation, resulting from the shifting of large bodies of sand by
the winds or waves. A few grasses have been found wThich may be

utilized in effectually binding these shifting and destructive sands.

The results of the discoveries and investigations made along these

lines were published in the Yearbook of the Department for 1898 in

an illustrated article on "Sand-binding grasses." One of the m
recent discoveries of the Division in the way of sand-binding grasses is

the seaside blue grass (Poa macrantha), which grows in the sands along

the Pacific coast of Oregon and Washington, where it is often seen

covering the summits of the highest dunes. It is an excellent sand
binder, and possesses the advantage over beach grass in having more
tender leaves and stems, which render it of value for grazing. It has

the habit of sending out slender lateral branches, which, lying pros-

trate on the sand, extend -1 to G feet or more from the parent slock,

and as these readily develop roots at the joints, the grass is rapidly

propagated over considerable areas. If available for cultivation in

the interior, seaside blue grass will prove a most valuable acquisition
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for cultivation in very sandy soils. The important subject of forage

plan's for cultivation on alkali soils is discussed in a paper from the

Division in the Yearbook of the Department for the same year (1898),

and in the Yearbook for 1895 is a paper on the '"Grasses of salt

marshes," the resull of a previous year's investigation of the marshes

along the coasts.

Some valuable okasses and forage plants.—Some of the

uid forage plants which the Division of Agrostology has rec-

ommended or to which special

prominence has been given in

sperimental work on ac-

count of their value for agri-

cultural and other purposes

are here given, as follows:

Blue grass( s.—T h e blue
glasses, of which Kentucky
blue grass {Poa pratt us is)

may be considered the type,

are among the most valu-

able species for pasturage,

and some of them are unex-

celled for hay. Kent ueky blue

grass is useful for both pur-

. and is one of the most

widely distributed species of

tin- genus. In the United

States it ranges from Maine
to the Gulf, westward to the

Pacific Ocean, and northward
to Alaska. Some of the forms

at qualities of unusual

excellence, and the Division

is giving attention to tin' se-

ton of these tor improving
our forage supply. In the

Rocky Mountain region are

manyspecies of Poa; a few of

these the Division lias experi-

mented with to >ime extent,

and so far (utile satisfactory results have been secured, Wyoming
blue grass (Pua wheeleri, fig. 6) being found one of the best. Its

habit of growth is not unlike that of Kentucky blue grass, but it is

probably much better able to survive long periods of drought than is

that species. Smooth bunch grass (Poa Imvigata) is another species of

th.- blue-grass class common in the Rocky Mountain region. Mutton
grass (Poa fendleriana) is one of the best grasses of the mountain

Fig. 6.—Wj-oming blue grass (Poa wheeleri):

empty glumes; b, c, florets.
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ranges of New Mexico and Arizona. Nevada bine grass (Poa neva-

densis) is a fine variety occurring in the Rocky Mountain regions

of Montana and Colorado, some forms of it extending westward to

the Cascades. It promises to be a very productive hay grass, and
trials are being made with it having that in view. Sand blue

grass {Poa leckenbyi) is a newly discovered species of eastern Wash-
ington, and is remarkable in growing in almost pure sand under

conditions where the well-

known Eastern grasses
would fail entirely. It is

hoped that this grass will

prove to be not only a good
sand binder but a good
grass for very sandy soils

and sandy areas in which
other crops have failed.

It is undoubtedly an excel-

lent sand-binding species,

and if it finally proves suc-

cessful in the interior it

will serve the double pur-

pose of holding drifting

sands and furnishing excel-

lent forage.

Lyme grasses.—The lyme
grasses present a number
of varieties of special in-

terest, and seeds have been

collected of several of them.

In some sections, Canadian
lyme grass, or a form refer-

able to that species, prom-

ises to be a most productive

hay grass. It has been

tried by the Division in

Texas and at the stations

in the Northwest. Wood-
land lyme grass (Elynuts

glaucus) is a common grass in Montana, Washington, and Oregon, and

promises to be of some agricultural value. Giant lyme grass ( Elym us

condensatus) is a tall, rank-growing speciesof the Pacific slope, extend-

ing eastward to Montana. It is one of the dry-land grasses, and amy
prove of considerable value for hay or grazing in the drier regions of

the Northwest. Fellow lyme grass (Elymus flavescens) and small

sand lyme grass (Elymus arenlcolus) are species of Oregon and Wash-
ington which are excellent natural sand binders. Along the Columbia

Fig. 7.—Western wheat grass (Agropyron
empty glumes; b, florets.

ricatum): «,
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River the spontaneous growth of the sand lyme grass has in many
cases effectually checked the drifting of the sands which are blown

out from the river bed. Both of these species deserve careful con-

sideration by those who are endeavoring to prevent the blowing of

destructive sands.

Wheat grasst s.—The wheal grasses are characteristic grasses of the

Northwest. Western wheal grass (Agropyron spicatum, fig. 7), known
to many of the ranchers as

blnestem, is one of the best

native grasses for hay, and

efforts are being made to ex-

tend its cultivation. Meadow
wheal grass, a closely allied

species, is also a promising

native variety. Bunch wheat

grass [Agropyron divi rg

may be classed as first among
the dry-land species. [1 grows

naturally in exceedingly dry

soils and where the annual

rainfall is very light. This

wheal grass and the two

feathergrass) - 3 viridula

and SHpa comata), common
to the same region, are the

most promising species for

regrassing the overstocked

ran. -

Blu a ':nl sit!(-oats

"!.— Blue grama ( Bouh -

loua oligostachya), known
in -

. ions of Montana
lo grass. is one of i he

pasture grasses among our

native species. It is readily

propagated by seed and

thrives in almost any soil. It

has been grown at all of. the

stations and by many volunteer experimenters. It apparently does

as well in Washington, I). C, in the heavy clay soils as in the light

and dry soils of eastern Washington. Side-oats grama (Bouteloua

(furtipendula) has a wider natural range, and although making a

turf inferior to that of blue grama, it is nevertheless an excellent

pasture grass, and under favorable circumstances yields an abundant
hay crop.

Fescue grasses.—The mountain districts afford many native species

FlG. $.—King's fescue [Fcstuca kingii): «. spikelet;

b, Horet.
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of fescues. Creeping fescue and sheep's fescue exist in many varie-

ties, some of them possessing great points of excellence. Aside

from these two species there are others of equal value. King's

fescue (Festuca hingii, fig. 8) is one of these. It is a native of Col-

orado, and it has been successfully propagated by seed, which it

yields abundantly. Buffalo bunch-grass covers extensive meadows
in Montana, affording excellent grazing, and is occasionally cut for

hay, being very productive.

It grows to the height of 3

or 4 feet, and its introduc-

tion into agriculture will be

a test of its merits under
cultivation.

Brome g rasses.—Na tive

brome grasses are well

worth more attention Hum
has been given them.

They seed abundantly, the

seed is easily harvested,

and germinates readily.

The Division of Agrostol-

ogy has tried several of the

Western species, and from

the limited experiments

made, it is evident that

there are important grasses

in this group. Brains
pumpellianus, a native of

Montana, Colorado, and
Wyoming, is hardly to b3

distinguished from the

European smooth brome
(Bromus inermis, fig. 9),

the introduction of which

has done so much to im-

prove the stock interests

of the country.

The above list might bo

greatly extended, for there

are many species as deserving of notice as those here mentioned.

Bulletin No. 14 of the Division of Agrostology treats of the economic

grasses and gives an extended list of the same.

Forage jrfctiifs.—There are many forage plants which do not belong

to the order Graminese. The greater proportion of these, and those

which are generally regarded as the most valuable, belong to the

Leguminosie, or family of legume-bearing plants, which includes the

Fig !).—Smooth brome grass (Brom/us inermis): a,

spikelet; b, flowering glume seen from the back; c,

floret seen from the anterior side, showing palea.
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clovers, vetches, beans, peas, lupines, etc. There are seventy varie-

ties of native clovers, ninety lupines, forty vetches, and half as many
wild beans, from among which doubtless selections can be made of

varieties possessing special qualities superior to any of those now
cultivated.

The leguminous forage crops, which now play such an important

part in agriculture, were made the subject of a paper from the Division

in the Fearbook for 1897. The cultivation of these plants is increas-

ing every year, and their great value as soil renovators and cheap

producers of fodder, rich in nitrogenous compounds, is becoming more

and more widely known and appreciated. Referring briefly to the

history of the cultivation of these plants, the writer of the paper in

question states:

The oldest cultivated forage plants and the best for enriching the soil are those,

of the clover family. Not one of the now well-known hay or pasture grasses has

b . cultivated more than three hundred years, while a number of leguminous

crops have been grown for forage from prehistoric times. The chick-pea, or gram,

dates back full thirty centuries. It is to-day one of the leading grain crops and
so 1 renovators of Spain. India, and central Asia.

Alfalfa, which is r cognized as the best forage plant in the semiarid Western

3, or wherever dependence must be placed upon irrigation, was cultivated by

the Romans at least two hundred yi ars before the commencement of the Christian

era. The soy beans have been grown in China and Japan and lentils in Hungary
from prehistoric times. The field pea, originally from northern Italy, was intro-

duc< d into cultivation eight or ten centuries ago. Sainfoin was grown in France

and red clover in Media during the early years of the fifteenth century, and white,

or Dutch, clover in Holland at the beginning of the eighteenth century. Sulla,

which is largely grown in southern Italy and northern Africa, and which seems

to be admirably adapted to well-drained soils in Florida and the Gulf States, was
first introduced into cultivation in 1766. The cowpea has been known in this

country nearly as long as sulla. Alsike. or Swedish clover, was taken up as a

forage about thirty years later, while during this century and within recent

y. ars a score or more of valuable legumes have been brought to the attention of

the farmer, and hardly a year j>asses that new ones are not added to the list.

One of the most recently introduced and promising of the legumi-

nous plants is the velvet bean, a native of India. Its range of profit-

able cultivation is limited to the Southern States. The velvet bean

is fully described and illustrated in Circular No. 14 of the Division

of Agrostology.

The saltbushes of this country are very numerous in variety and
often cover extensive areas in the far Western States and Terri-

tories. Their value to the stockmen of the West is clearly set forth

in Bulletin No. 13 on the "Red Desert of Wyoming and its forage

resources," and a number of both the native and introduced species are

described in Farmers' Bulletin No. 108, which is devoted exclusively to

them. It is only within the last few years that the forage value of these

plants has been recognized in this country, and their importance in

increasing our forage supply is fully treated of in a paper on " Forage



360 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

plants for alkali soils," in the Yearbook for 1898, as already noted.

It is for reclaiming or rendering valuable for grazing purposes soils

highly impregnated with alkali that these plants are especially use-

ful. The following is from the paper just referred to:

The saltbushes and salt sages, both introduced and native, have proved to he of

value in all alkali-impregnated soils. A more extended cultivation of saltbushes

is recommended throughout the West, and while trials are being made with the

Australian species, the native forms, many of them being fully as leafy and hav-
ing as succulent herbage, should not be overlooked. It is probable that quite a
number of the thirty or more salt sages and saltbushes that grow wild on the

high plains, mesas, and deserts of the West would, if only given an equally favor-

able opportunity, prove to be as well adapted to cultivation as any of the foreign

species. As the West is developed the amount of grazing land is each year
decreasing and the extensive areas of alkali-impregnated soils are becoming more
valuable. The increase of these soils in value in the estimation of the Western
cattle growers will come through the use of saltbushes and other alkali-tolerant

forage plants.

Through the Division of Agrostology the Department has dis-

tributed the seeds of a number of the native saltbushes and quanti-

ties of several of the Australian species, the one receiving the

most attention being the Australian saltbush (Atriplex semibaccata).

Seed of this species was introduced into this country nearly

twenty years ago by the California experiment station at Berkeley,

but it has been only within the last year or two that it has received

any widespread attention. During the present season large quanti-

ties of the seed have been distributed by the Secretary of Agriculture

in regions where this saltbush is likely to prove most useful in the

way of increasing the forage resources of our country.

Volunteer experimenters.— Much of the work done by the Divi-

sion of Agrostology in testing the adaptability of varieties to the pre-

vailing conditions in different sections of the United States has been
carried on in cooperation with farmers and stockmen as well as with

a number of State experiment stations. These tests or experiments

have been made chiefly b}r sending the experimenters seeds of the

grasses or forage plants which have been collected or obtained by
purchase, and requesting that reports be made as to the success or

failure of the attempts made to grow them. Nearly ten thousand
packages of seeds, including two hundred and fifty-five varieties,

have been sent out in this way to those expressing their willingness

or desire to cooperate with the Division. The reports received on
account of this method of seed distribution during the past three

years have been prepared for publication as Bulletin No. 22, which
will serve to illustrate very well what can be accomplished in acquir-

ing a practical knowledge of grasses and forage plants through volun-

teer experimenters. These experiments have proved of greal value,

no1 only as being the means of finding out Hie suitability of varieties

for cultivation in different sections of 1 lie country, but also of bringing



PROGRESS OF ECONOMIC AND SCIENTIFIC AGROSTOLOGY. 361

the work of the Division in closer touch with the people whom it is

designed to serve. The results of these tests have shown that many
of the valuable native grasses adapt themselves readily to cultivation,

and have also demonstrated the value of some of the newly intro-

duced varieties, as well as the possibility of a wider cultivation of

many of those already commonly grown in the United States. Thus,

il has been discovered that slender wheat grass and a number of the

native bromes and blue grasses can be utilized in the formation of

artificial meadows and pastures; that other of the wheat grasses, the

grama grasses, blue grasses, and native fescues may be utilized in

reclaiming the worn-out ranges in the drier sections of the country;

that smooth, or Hungarian, brome grass, recently introduced from the

Old World, is a most valuable hay and pasture variety for the drier sec-

tions of the West and Northwest ; that Australian saltbush, as well as,

a number of native salt bushes, is well adapted to cultivation on lands

strongly impregnated with alkali, such as are found in many parts of

the Southwest; and the experiments now in progress seem likely to

demonstrate the value of other varieties in certain sections, such as

- alfalfa for the hot, dry Southwest, and Turkestan alfalfa for the

dry Si ction - of the Northwesl where the climate is colder.

Some results of work of Division of Agrostology.—The
Secretary of Agriculture, in summing up the work of the Division

of Agrostology in 1898, said:

Through the efforts of this Division we are learning- the needs of the several sec-

ti »na of the country and the forage problems they have to meet. We are acquir-

ing a better knowledge of the distribution and value of our native grasses and
f rago plants, as well as the peculiar conditions of soil and climate best suited to

their growth.

The discovery of new economic grasses or new and valuable forage

plants, the adaptability of the native species to cultivation, the intro-

duction of forage plants into new or untried regions, the application of

species to new or special uses, and the general diffusion of knowledge
through publications and correspondence respecting these plants are

among the important results of the work of the Division.

Extension of investigations.—Through the Division of Agrostol-

ogy the Secretary of Agriculture is working not only to produce more
and better hay on every acre of meadow land, but also to preserve or
improve the great cattle ranges of the West and the pasture lands of

the whole country. In the Report of 1809, the Secretary says:

The investigations under way in the Gulf-coast region and on the Pacific slope

ought to b3 extended in their scope; the work on range improvement should be
continued along the present practical lines; the investigations looking toward the

preservation and improvement of our most valuable native grasses and forage

plants should be continued; the study of soil and sand-binding grasses ought to

be extended to include experiments as to the adaptability of our native sorts to

practical use for fixing the shifting sands of our coasts and for holding embank-
ments in place, as well as to the introduction of desirable foreign sorts; investi-

gations relative to the introduction, cultivation, and management of improved
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pasture and forage crops on the worn-out farms of the East should be undertaken;

the question of forage crops suitable to alkali sols is one of much importance to

certain sections of the country, and should receive full and careful investigation.

APPLIED AGROSTOLOGY IX THE STATE AGRICULTURAL EXPERIMENT STATIONS.

Nearly all the State experiment stations, ever since their organiza-

tion in 1887, have given more or less attention to the subject of grasses

and forage plants, and a few of them have made this a leading feature

of their work. Among the first to undertake work along these lines

was the California experiment station at Berkeley, and this station,

under the direction of Prof. E. W. Ililgard, has done very much to-

ward the introduction of valuable forage plants into that State by
the distribution of seeds of many varieties. Other stations which
have given special attention to grass and forage-plant investigations

are these in Nebraska, South Dakota, Tennessee, Mississippi, Ala-

bama, Ohio, Connecticut (Storrs), Kansas, Michigan, New York, Min-

nesota, and Massachusetts.

Over two hundred bulletins and reports have been issued by the

several stations on the subject of grasses and forage plants—a fact

which in itself demonstrates the great interest taken in these investi-

gations and the manifest importance attached to the subject. Some
of the stations have published descriptive and illustrated grass floras

of the States in which they are located, which have done much
toward disseminating a knowledge of grasses and inciting greater

interest in the improvement of forage resources. One of the most com-
plete and elaborate of these floras is that published by the Tennessee

station, in which all the grasses known to occur within the State

are illustrated.

The effect of the grass and forage-plant investigations which have
been carried on by the Department of Agriculture during recent

years, together with similar investigations at the different State

experiment stations, is seen at the present time in the changed meth-

ods of farming that arc being practiced in many sections of the coun-

try. This is well illustrated in the South, where but a few years ago

it was thought by many that the better cultivated grasses and forage

plants could not be successfully grown. It is also illustrated in the

improved methods of handling pastures and ranges that arc coming

into practice in many parts of the West, and in the greater diversity

of the grass and forage crops that are grown in almost all sections of

the country where dairying is a leading industry.

SCIENTIFIC, OR SYSTEMATIC, AGROSTOLOGY.

At the beginning of the century the number of known North Ameri-

can grasses barely exceeded one hundred species. These had been
published chiefly in the works of Linnaeus, Lamarck, and Walter. In

1S03 Michaux published his "Flora Boreali Americana," in which he
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dea ribes as new Bixty-eight species. Michaux's work was soon fol-

lowed by those of Persoon, Pursh, Nuttall, Muhlenberg, Elliott, and

Beauvois, in which many new North American species were published.

Beauvois, in his "Agrostographiae," undertook to establish a natural

arrangement of the whole GraminesB, with descriptions of the genera

then known, together with many new ones, some of which were North

American, and tie* majority of which have since been * adopted.

Between 1820 and 1850 appeared the great works of Knnth, Trinius,

and Nees von Esenbeck, in whose writings, especially those of Trinius,

who confined himself exclusively to grasses, man}* Xorth American
species were published for the first time. It was during this period

that the great American botanists, Prs. John Tonvy and Asa Gray,

did much t'» advance our knowledge of North American plants, and

many m-w species of Graminese appear in their various works. These

authors, especially Dr. Gray, whose publications continued until a

comparatively recent date, made further additions to agrostological

science, and their works are essential to the student of grasses to-day.

Steudel in 1855 published the first volume of his "Synopsis Planta-

runi Glumacearum," which contains a general enumeration of the

grasses of all countries, and is the Last work in which such an enu-

meration has been attempted. All the older Xorth American species

are included, ami Steiidel describesmany new ones, some lew of which

ill retained.

The knowledge of Southern grasses was greatly advanced by the

publication of Chapman's " Flora of the Southern United States" in

. Grisebach, in his " Flora of the British West Indies/' published

in ; I ribed a number of species which come within our southern

limits, and in Ledebour's "Flora. Rossiea," which appeared in 1

many species common in Alaska are published for the first time. In

England, General Munro was for many years the leading authority on

grasses, and in this country Dr. George Thurher was the court of last

resort in all pertaining to American grasses. The chief contribution

to agrostology made by the former was his monograph on the tribe

Aruudinarise, and the latter is lest known to the student of gras

to-day by his contribution to Brewer and Watson's Botany of Cali-

fornia, published in 1880, in which all the species of that State then

known were fully described.

A marked impetus was given to the study of grasses by English-

sp .iking students by the publication of Bentham"s "Noteson grasses,"

in 1881, in the Journal of the Linnsean Society. In this work the sev-

eral tribes and genera are discussed. The classification presented is

essentially based upon the opinions of General Munro and finally

adopted in the third volume of Bentham and Hooker's "Genera Plan-

tarum," published in 1883. A work of much interest to the student

of the grasses of the Southwest is Founder's " Gramineae "' in his "Enu-
meration of Mexican plants," published early in the last decade. It is
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the only work especially devoted to the grasses of Mexico, and includes

many species occurring in the States and Territories bordering that

country. After the death of General Munro, in 1880, Prof. E. Hackel,
of St. Poelten, Austria, was at once recognized as the highest authority

on grasses, and his contribution to the great German work on the

"Natural families of plants," by Engler and Prantl, is ample evi-

dence of his right to the position. An American translation of this

work, under the title of "The true grasses," published in 1890, has
done much to promote the study of systematic agrostology in this

country. It presents in a clear and concise manner the general fea-

tures of the grass family, enumerating the best-known economic spe-

cies, discussing their structure and morphology, and their arrangement
into tribes and genera, thus placing in the hands of the American stu-

dent a manual by which he is enabled to classify any grass which may
come into his hand, and materially assisting the systematic study of

grasses, which now forms such an important feature in the curriculum
of nearly all our agricultural colleges.

In 1889 Hackel published an extensive monograph of the Andro-
pogonere, in which all the North American species of that tribe then
known are fully described, a few of which are presented as new to

science. The S3~stem of classification of the tribes and genera of the

Gramineae presented by Hackel in his " True grasses," and now gen-

erally adopted in this country, was much modified by Baillon in his
" Monographie des Graminees," published in Paris in 1893. This is

the la,test general treatment of the grass family as a whole that is of

special interest to the student of American grasses. In this work not

only is there a decided modification in the limitation and arrange-

ment of the tribes and genera from that proposed by Bentham and by
Ilaekel, but an attempt is made to adopt the more advanced system
of nomenclature.

Four years ago, in 1890, Prof W. J. Beal, of the Michigan Agricul-

tural College, published the second volume of his work on the

"Grasses of North America," wherein are brought together for the

first time descriptions of all the North American species known to

the author. He enumerates over one thousand three hundred species,

including many from Mexico and Central America, with full descrip-

tions. No other single publication covers the same extended field.

SYSTEMATIC AGROSTOLOGY IN THE DEPARTMENT OF AGRICULTURE.

While the Department of Agriculture has always been more or less

active in promoting the interests of applied agrostology, it has in

later years been hardly less energetic in advancing scientific knowl-

edge of grasses and developing a wider interest on systematic lines.

Immediately following the publication of the third volume of Bentham
and Hooker's "Genera Plantarum," already referred to, Dr. George
Vasey, then Botanist of the Department, published as a special report

a list of the grasses of the United States, together with a synopsis of

the tribes and genera, which were chiefly translated from Bentham
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and Hooker's work. Two years later, in 1885, a revised and somewhat
enlarged edition of this list was published under the title of "A
descriptive catalogue of the grasses of the United States.'' This work

included many economic notes, and was prepared with the view of

assisting both the scientific student and the farmer. Between the

years ism and 1893 the Department published two volumes prepared

by Dr. Vasey, containing descriptions and full lithographic plates of

two hundred species of grasses belonging to the region of the South-

west and the Pacific slope. The illustrations in this work are for the

most part excellent and the descriptions are very full. The plan

adopted is not unlike that of Trinius's "Icones," and it is a matter of

regret that the work could not have been continued until all of the

American species were illustrated in the same manner. In 1892 Dr.

Vasey published as Part 1 to Vol. Ill of the "Contributions from

the l". S. National Herbarium" what he designated as Part I of

a "Monograph of the grasses of the United States." Following the

classification of Prof. Edward Hackel this part contains descriptions

of all the North American species of grasses known to the writer

through the subtribe Phleoidese in the seventh tribe Agrostidese. At
the time of his death (March I. L893), Dr. Vaseyhad prepared the manu-
script of a considerable port ion of the second part of this monograph,
but the work in the form in which it then appeared has not beet; con-

tinued. During the years between 1881 and 1893 Dr. Vasey published

many new species of North American grasses, not only hi the bulletins

issued by the Department, but in the hading botanical journals and
in the proceedings of scientific societies. The total number of species

published by him between 1885 and the time of his death was one

hundred, and nearly as many uew varieties.

Since the establishment of the Division of Agrostology in 1895, sys-

tematic work on grasses has been continued by the Agrostologist and
his assistants. Papers winch may lie classed as belonging to sys-

tematic agrostology have been published in Bulletins Nos. 4, 7, 8, 11,

17. is, 19, and in Circulars Nos. '.', LO, 15, 16, and 19 of the Division.

Circular No. 15, published July 14, relates to "Recent additions to

systematic agrostology," while the other circulars referred to contain

chiefly descriptions of new species. Under the general title "Studies
on American grasses." to which Bulletins Nos. 4, 8, 11, and IS belong

}

there have been published revisions of certain North American genera
and enumerations of species collected in the little-known regions, and
a large number of species presumably new have been described. In

Bulletin No. 10 there was published a very carefully prepared paper
on the structure of the seeds of grasses, the investigations being made
largely with the view of establishing a basis of classification upon
the Caryopsis. Six hundred and twenty-seven North American grasses

are figured and described in Bulletins Nos. 7 and 17. The illustra-

tions in these two bulletins are all drawn from original material and
form a part of a series which, when complete, will illustrate all of our
North American grasses. The Agrostologist has also published in
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botanical journals and in proceedings of scientific societies many
papers bearing on the subject of systematic agrostology, notably

among these may be mentioned "Kotes on the grasses in the Bern-

luirdi Herbarium, collected by Thaddeus Ilaenke and described by
J. S. Presl," published in the Tenth Annual Report of the Missouri

Botanical Gardens. This paper is illustrated by fifty-four plates,

drawn from the types of species described by Presl in "Reliquiae

llaenkeana3." In these various papers and in the publications of the

Division, the Agrostologist has during the last five years published

one hundred and twenty-five species and thirty-three varieties.

A good herbarium or collection of grasses forms an essential part

—

is, in fact, the basis of all work in systematic agrostology. The
Division of Agrostology, since its organization, has been steadily at.

work building up an herbarium of grasses, until now the collection

numbers nearly thirty-five thousand mounted sheets of specimens,

more than twenty-five thousand of which have been added during the

past five years. This collection, which forms no inconsiderable part

of the great National Herbarium located in Washington City, is

especially valuable, not only on account of its richness in North
American species, but also on account of its containing a great mam-
types of the species published in recent years.

SYSTEMATIC AGROSTOLOGY IN THE STATE AGRICULTURAL EXPERIMENT .STATIONS.

It is believed that the work of the Department of Agriculture in

the way of scientific investigation of grasses has done much to develop

similar lines of wrork in the agricultural experiment stations. The
work at these stations, in order to meet the demands of the people,

must of necessity be more along the lines of applied agrostology.

Several of the stations have, however, published descriptions of the

grasses of the States in which they are located. In 1804 the Tennessee

Agricultural Experiment Station published a bulletin in which ail

the species known to occur within the State were fully described and

illustrated. This work contained keys of analysis to the tribes and
genera, and in the larger genera to the species also. Less fully illus-

trated descriptive bulletins have been published by several other

stations, but comparatively little original work has been done by any

of them along systematic lines. The Division has lent material aid to

this work, not only through its several publications, but by the dis-

tribution of many thousands of named specimens of grasses to these

agricultural experiment stations. As illustrating the attention now
paid to systematic agrostology and the rapid progress being made in

this branch of the subject, it may be stated that during the last ilve

years three hundred and seventy-four new species of North American

grasses and one hundred and sixty-six new varieties have been pub-

lished.



PROGRESS OF ROAD BUILDING IN THE UNITED STATES.

By Maurice O. Eldridge,

Acting Director of the Office of Public Road Inquiries.

INTRODUCTION.

The history of road building in the United States parallels in but

few particulars the road history of the other great civilized nations of

world, and in many respects our highways bear but slight resem-

blance to those of tho older countries. There is little doubt that had

the first settlers arrived in this country when the Roman Empire was

at the zenith of its glory our Republic would now be bound together

with a perfect system of magnificently constructed highways, but

when America was settled by the English, in the early part of the

seventeenth century, the mother country was still using those systems

in road building which it had inherited from the dark ages.

The Britons neglected the roads which had been made by the

Romans, and, failing to build new ones, their country for centuries

was provided with only bridle paths, orat most with narrow highways

for small carts. These highways were, except in dry weather, practi-

cally impassable, and in the sparsely settled districts much of the

travel had to be carried on by means of pact: animals. The idea of a

central control of road systems, which is the only means by which any

tided work in this direction lias ever been accomplished, had died

in the middle ages and had not at this time been revived. For

reasons the traditions relative to the construction and manage-

ment of roads which followed the first settlers to this country were

practically valueless.

KOAD METHODS OF THE FIRST SETTLER^.

The first settlements in the United States were naturally located

along the seashore and upon the banks of navigable streams. Narrow
and mysterious Indian trails led from the settlements along the coast

to the interior, and aside from an occasional rude path beside some
stream or along the coast, these were the only lines of communication
up to the end of the seventeenth century. Indeed, for a century after

the settlement at Plymouth Rock there were few roads in this country

over which goods or passengers could be transported in wagons or

carriages.

The little traffic and intercourse that were carried on between the

settlements was maintained principally by boats or by horsemen or

367
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pack trains over the obscure Indian trails. A systematic attempt at

road building was then, of course, impossible, owing to the crude state

of society and the sparse population. Soon there was an eagerness to

penetrate the vast wilderness of the interior and communicate with

settlers in other regions by shorter routes than those afforded by the

winding streams. Acting upon this impulse, the pioneer blazed his

way through the forests and brambles. He made temporary bridges

over the streams by felling large trees across them, and threw brush
and poles over the boggy places in his bridle paths. With the steady
increase in wealth and population, this "pack-train era" in road
building was gradually superseded by original trackways or widened
trails and then by wagon roads, but without any attempt at improve-
ment. Another century elapsed before anything like improved high-

ways was established outside the eastern coast districts, and it was
not until the beginning of the present century that there were any
well-built roads in the rural communities.

ONE OF THE EARLIEST ROADS IN THE UNITED STATES.

The first great American road which the historian tells anything
about was laid out in 1711, and ran from New York to Philadelphia.

Its antiquity, and the fact that it connected these two cities, gave to

it the name "The Old York Road." The opening of roads was an
important affair in those days; money was more scarce than it is now,
and doubtless it was more of an undertaking to construct roads than
it is to build the railways of to-day. By studying the history of the

Old York Road we at once realize the potencj^of the adage that "the
history of roads is the history of civilization." The Indian trail, the

blazed trees, and the footpath, followed by the bridle road for pack
trains, and then the rough roads for carts and wagons, which were
subsequently graded and paved, making a more easy means of trans-

portation, are all stepping stones to higher degrees of civilization. 1

FORCED-LABOR SYSTEM AND ROADS OF THE EARLY COLONISTS.

In the early colonial daj^s the roads were at first built and main-
tained principally by the use of volunteer aid or free labor. Each
town or settlement had what was called a " village green," and in this

open place the citizens assembled to discuss matters of public import.

At these meetings the care of the poor, the infirm, the deaf mutes,

etc., was discussed; the opening of new and the maintenance of the old

roads were also among the most interesting subjects of discussion.

The citizens would here oiler their services free of charge to the com-
munity or town for building or maintaining the roads running through
or by their lands. These offers to maintain the roads free of charge

soon became so limited, however, that the towns were forced to pass

1 The York Road Old and the New Fox Chase and Bustileton, by S. F. Hotchkin.
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ordinances compelling all able-bodied men to "work the road" a

specified number of days, or in lieu of such labor to pay a money lax

to the pathmasteror road overseer. It is easy to trace progress in all

those matters which were discussed on the " village green" save one,

and that is the "forced-labor" system of working roads, which exists

in most of the States to this day.

The following extract, relating to the early methods of locating

and building roads, is copied from a letter dated November 30, 1785,

written by George Washington to Patrick Henry, then governor of

Virginia:

Do yon not think, my dear sir, that the credit, tho saving, and convenience of this

country all require that onr great roads leading from one place to another should

be straightened, shortened, and established by law, and the power in the county
courts to alter them lie withdrawn? To me these things seem indispensably

necessary, and it is my opinion they will take place in time. The longer, there-

fore, they are delayed, the more people will be injured by the alterations when
they happen. It is equally clear to me that, putting the lowest valuation upon
the labor of the people who work upon the roads under the existing law and the

customs of the present day. the repairs of them by way of contract, to be paid by
an assessment on a certain district, until the period shall arrive when turnpikes

may with propriety be established, would be infinitely less burthensome to the

community than the present mode. In this case the contractor would meet no
favor: every man in The district would give information of neglects; whereas

negligence under the present system is winked at by the only people who kuow
the particulars or can inform against the overseers, for strangers had rather

encounter the inconvenience of bad roads than the trouble of an information, and
go away prejudiced against the country for the polity of it.

1

This system of •'working out'* the tax was as unsatisfactory in the

days of Washington as it is now. Much delay and inconvenience

was caused by the deplorable condition of the main roads. The ruts

were deep, the hills steep and full of gullies, and when stagecoaches

were first used travelers were often compelled to get out and assist

the driver in pulling the vehicle out of the mud. Even the roads run-

ning out of the large cities and towns were no exception to the general

rule; they were often in such wretched condition that passage was
rendered difficult and sometimes dangerous. It was no uncommon
sight to see the horses floundering in mud up to their haunches.

York road, running out of Philadelphia, was a quagmire of black

mud for nine months of the year, and on this road long lines of wagons
were every day to be met with drawn up near Logan's Hill, where the

wagoners unhitched their teams to assist each other in pulling through
the deep sloughs. Sticks or rails were often stuck up to warn trav-

elers out of the quicksand or mud holes, and the fences were sometimes
pulled down in order to permit passage through the adjacent fields. 2

In 170G the worst road in the country was said to be the one from
Elkton, Md., to the Susquehanna Ferry. If was so uneven and full

1 Writings of "Washington, Vol. XII, edited by J. Sparks.
8 Watson's Annals of Philadelphia and Pennsylvania in the Olden Times.

1 A 90 24



370 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

of holes that stagecoach passengers were often requested by the

driver to lean out the side of the coach to prevent being overturned.

"Now, gentlemen," he would say, "to the right;" "Now, gentlemen,

to the left." 1

INAUGURATION OF TURNPIKE ROADS BY CHARTERED COMPANIES.

The making of turnpike roads fey chartered companies was inaugu-

rated in the last quarter of the eighteenth century with the advance
of population to the West. State and national charters were given to

many turnpike companies, which at first yielded large profits to cap-

italists. The establishment of turnpikes and the maintenance of

them by toll, however, effected but little improvement in the general

system, and the tax imposed upon those who were compelled to use

many of these roads was not paid without protest.

THE WILDERNESS TURNPIKE.

The Wilderness Turnpike was the name of one of the earliest of

these roads. From the Shenandoah Valley, in Virginia, it followed for

some distance the Holston River; thence it crossed the Allegheny

Mountains at Cumberland Gap to central Kentucky. This route

was opened at first for pack trains, but afterwards was so improved
that it became the main road for wagon trains from Virginia to the

valley of the Ohio. A large commerce was carried on between Virginia

and the West over this highway, and it proved very advantageous to

Kentucky and adjacent States in their early settlement and develop-

ment. During the first decade of this century the Wilderness Turn-
pike was the best highway sonth of the Potomac River; but soon the

traffic began to decrease and the revenues became so limited that it

was neglected. For years, however, the tollgates were maintained

and travelers were required to pay a toll of $2 on passing the gates,

which were 70 miles apart, although tools frequently had to be carried

in the vehicle with which to repair the portions of the road that were

impassable. 2

THE PHILADELPHIA-LANCASTER TURNPIKE.

The desire to speculate in those days was as great as it is now, and
such were the profits of some of these roads that they were often the

subject of speculation. A notable example of this is shown by the

organization of a company in 1792 to build a turnpike from Phila-

delphia to Lancaster, Pa., a distance of GO miles. The charter was
secured, and in ten days 2,275 subscribers made application for stock.

As this was more than the law allowed, the names were placed in a

lottery wheel and GOO were drawn; with these subscriptions the work
began. The road builders of that day knew little or nothing regarding

1 History of the People of the United States.
'-' N. S. Shaler, American Highways, pp. 10 and 93.
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the construction of highways, and the mistakes made on this occa-

sion taught them some valuable lessons. The land was condemned,
the trees felled, and the roadbed prepared. The largest stones that

could be found were dumped upon it for a foundation, and upon this

colossal base earth and gravel were spread; then the work was declared

complete: but when the washing rains came deep holes appeared on

every hand, sharp stones protruded from the surface, and the horses

received scratched and broken limbs as they sank between the bowlders

up to their knees. The gigantic error of the road builder was then made
plain. Indignation meetings were held, at which the turnpike com-
pany was condemned and the legislature blamed for giving the char-

ter. Had it not been for an Englishman who offered to rebuild the

turnpike on the macadam plan, as he had seen roads built in the old

country, improved road construction would have received a severe,

blow. The Englishman's proposition was accepted by the company,
and he was successful in completing the Lancaster and Philadelphia

turnpike road, which was then declared to be "the best piece of high-

way in the United States—a masterpiece of its kind." 1

BRA Of SPECULATION" AND RESTORATION Of FORCED-I/ABOE SYSTEM.

The success of the Lancaster pike encouraged road building every-

where, and before the first decade of the new century had elapse d

many of the well-settled States were voting money, setting apart rev-

enues derived from the sale of public lands, and establishing lotteries

to build turnpikes between prosperous towns in the East and to the

frontier. The prospect of increasing their land values by the build-

ing of good roads and the fascination of receiving large dividendsfrom
investments induced many people to risk their all upon these schemes.
Speculation was rife in the land, turnpike building rapidly became
the rage, and in a few years a sum almost as large as the public debt
at the close of the Revolution was invested by the people in turnpike

ventures, by 1811 over 317 pikes had been chartered in New York
and in the New England States, their total length being 4,500 miles

and their combined capital over 87,500,000. Hundreds of miles of

public turnpikes- were constructed in Xew York and in some of the

Western Stateswith thick, wide boards or planks, and for a few years
it was thought that this method would supersede all others. While
the planks lasted the roads were good; but the boards decayed very
rapidly, and for this reason the method, proving unsuccessful, was

1 History of the People of the United States, Vol. IT, p. 554.
1 The term li turnpike *'

is of medieval origin, having been first nsed in England
to designate a graded road, for the use of which travelers were expected to pay
toil. A pike across the road indicated a tollgate, where the traveler was required
to stop before proceeding on his journey. After he had paid the fees the pike
was turned and he was allowed to go on his way. •• Turnpike " has now come to

mean any public highway constructed of stone or gravel. As a rule, however, the

term Is only applied to a toll road or one upon which formerly toll was collected.
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gradually abandoned. Except for a few short stretches in the New
England and the Southern States, the toll system also proved unsuc-

cessful, and many of the companies lost money. Some surrendered

their charters and others were bought out by the States or counties.

The turnpike system was gradually superseded by the restoration of

the "forced-labor" system, explained elsewhere, and until within the

last few years this method was universally followed, each county

taking care of its own highways. The States exercised no supervision

whatever, and skilled road builders or road engineers were unheard

of. The "forced-labor" system was borrowed by our ancestors from

the dark ages, and is not unlike the "militia" system adopted in

Kentucky and a few other Southern States.

NATIONAL HIGHWAYS.

Early in the present century, with the movement started in England

by Telford and Macadam in favor of broken-stone roads, the impor-

tance of improved roads for military, postal, and commercial purposes

began to be widely appreciated. Road reform assumed such propor-

tions that it was advocated by many of the great patriots of the day;

indeed, the movement waxed so strong in this country that it became

one of the leading questions of national politics, and was supported

by such statesmen as Thomas Jefferson, John C. Calhoun, and Henry

Clay. Next to the tariff, it was one of the most important subjects

under consideration in Congress.

Those who believed in a liberal construction of the Constitution

were favorable to the building of roads by the General Government,

while the strict constructionists denied the power of the Government

to spend money for any such internal improvements. During Presi-

dent Jefferson's second term the bill admitting Ohio as a State, passed

April 30, 1802, contained a provision setting apart 5 per cent of the

net proceeds from the sale of public lands in that State to the build-

ing of public roads leading from the navigable waters emptying into

the Atlantic to and through the State of Ohio—3 per cent for road mak-

ing within the State and 2 per cent for highways outside the State.

Such roads were to be laid out under the authority of Congress and

with the consent of the States through which they would pass.

THE CUMBERLAND ROAD.

In 1806 the sale of public lands in Ohio had amounted to over

$000,000, and after some discussion in both Houses of Congress a bill

appropriating $30,000 was passed. The construction of the so-called

Cumberland road was then begun. From Cumberland, Md., it was

to extend through southwestern Pennsylvania and over the Allegheny

Mountains to the Ohio at Wheeling, W. Va., and then on to St. Louis,

Mo. It was constructed after the principles advocated by Telford

and Macadam, and was so well built that it is yet a good road, although
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Fig. 1.—The Big Crossing on the Old Cumberland Road, Summerville, Pa.

Fig. 2.—Old Cumberland Road Approaching Chestnut Ridge Mountains, Penn-
sylvania (Looking West>.
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it has since passed into the hands of the States in which it is located,

and has not been systematically repaired for years. (PL XIII. ) This

road was well described by a writer in 1879, as follows:

It was excellently macadamized; the rivers and creeks were spanned by stone

bridges; the distances were indexed by iron mileposts, and the tollhouses supplied

with strong iron gates. Its projector and chief supporter was Henry Clay, whose
services in its behalf are commemorated by a monument near Wheeling. There

were sometimes twenty gaily painted four- horse coaches each way daily. The
cattle and sheep were never out of sight. The canvas-covered wagons were drawn
by six to twelve horses. Within a mile of the road the country was a wilderness,

but on the highway the traffic was as dense as in the main street of a large town.

Ten miles an hour is said to have been the usual speed for coaches, but between

Hagerstowa and Frederick they were claimed to have made 26 miles in two hours.

These coaches finally ceased running in 1853. There were also through freight

wagons from Baltimore to Wheeling which carried 10 tons. They were drawn by
twelve horses, and their rear wheels were 10 feet high.

From Cumberland to Baltimore the road, or a large part of it, was built by cer-

tain banks of Maryland, which were rechartered in 1816on condition that they

should complete the work. So far from being a burden to them, it proved to be a

most lucrative property for many years, yielding as much as 20 per cent, and it is

only of late years that it has yielded no more than 2 or 3 per cent. The part built

by the Federal Government was transferred to Maryland some time ago, and the

tolls became a political perquisite: but within the past year it has been acquired

by the counties of Allegany and Garrett, which have made it free.

From J 810 to 1816 six appropriations, amounting to 8080,000, were

made by Congress for continuing the work on this road.

PROPOSITION IN CONGRESS FOR A NATIONAL SYSTEM OF ROADS.

In 1817 John C. Calhoun, Henry Clay, and others favored the crea-

tion of a new fund for internal improvements. A bill was introduced

in the House of Representatives by Mr. Calhoun to set aside for roads

and canals the bonus and dividends received by the United States

from its newly chartered national banks. In supporting this measure
Mr. Calhoun, although a stanch believer in the doctrine of State

rights, delivered a speech before the House in which he thus expressed

himself:

Let it not be said that internal improvements may bs wholly left to the enter-

prise of the States and of individuals. I know that much may justly be expected

to be done by them; but in a country so new and so extensive as ours there is

room enough for all, the General and State governments and individuals, to exert

their resources. Many of the improvements contemplated are on too great a scale

for the resources of States or of individuals, and many of such a nature that the

rival jealousy of the State, if left alone, might prevent. They require the

resources and general superintendence of the Government to effect and complete
them.

But there are higher and more powerful considerations why Congress should

take charge of this subject. If we were only to consider the pecuniary advantages
of a good system of roads and canals, it might indeed admit of some doubt whether
they ought not to be left wholly to individual exertions: but when we come to con-

sider how intimately the strength and political prosperity of the Republic are

connected with this subject, we find the most urgent reasons whywe should apply
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our resources to them. Good roads and canals, judiciously laid out, are the proper

remedy. Let us, then, bind the Republic together with a perfect system of roads

and canals.

The first great object is to perfect the communication from Maine to Louisiana.

This may be fairly considered as the principal artery of the whole system. The

next is the connection of the lakes with the Hudson River. The next object of

chief importance is to connect all the great commercial points on the Atlantic with

the Western States, and, finally, to perfect the intercourse between the West and

New Orleans. There are others, no doubt, of great importance which will receive

the aid of the Government. The fund proposed to be set apart in this bill is about

$6.->0,000 a year, which is doubtless too small to effect such great objects of itself,

but it will be a good beginning. Every portion of the community—the farmer,

the mechanic, and the merchant—will feel its good effects; and, what is of great-

est importance, the strength of the community will be greatly augmented and its

political prosperity rendered more secure.

Henry Clay also spoke in favor of the proposed act, particularly in

reference to its constitutional merits, but the House amended and

passed it in such a manner as to enable the States to prosecute the

work under the supervision of the National Government, and in this

form it passed the Senate. On March 13, 1817, President Monroe

vetoed this bill on the ground that he believed it to be unconstitu-

tional, even though its provisions were agreed to by the States. An
attempt was made to pass it over the President's head, but failed of

the necessary two-thirds majority.

CONGRESSIONAL ACTION REGARDING ROAD BUILDING.

Upon the defeat of the bill for a national system of roads and for

the funds for the same, Congress returned to its former method of

providing for road building from funds derived from sale of public

lands. In 1811, 5 per cent of the net proceeds of the sales of public

lands in Louisiana were, as in the case of Ohio, given to that State

for the building of roads and levees, in 181G the same percentage of

a similar fund was given to Indiana for roads and canals, and in 1817

a like sum was given to Mississippi for this purpose. In 1818, 2 per

cent of a similar fund was given to Illinois for roads leading to that

State; in 1819, 5 per cent to Alabama; in 1820, 5 per cent to Missouri,

and in 1845, 5 per cent to Iowa. In the meantime the annual appro-

priations for the Cumberland road, of sums to be replaced from the

funds thus set aside in the States through which it passed, were con-

tinued. For the fiscal year 1819 over half a million was donated, and

on May 25, 1838, the last appropriation, amounting to $150,000, was

made, the sum total being about $7,000,000.

While the Cumberland road was being built twelve other great

national highways were laid out in the States and Territories, making
what was then regarded a complete system of roads, and more or less

work was done in opening and constructing them. Congress pro-

vided in 1806 for a road from the frontier of Georgia, leading toward

New Orleans, La., and one from Nashville, Term., to Natchez, Miss.
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From 1806 to 1838 a total of $1,600,000 was appropriated by Congress

for roads in various places, and of this sum $200,000 was used in Flor-

ida; 6280,000 was expended for a road from Chicago, 111., to Detroit,

Mich., and other points; $200,000 was also used toward the construc-

tion of a road from Memphis, Tenn., to the St. Francis River, in

Arkansas. In addition to the appropriations above mentioned, grants

of land have been made from time to time by the States to aid in the

work, and the labor of United States troops has been occasionally

employed.

In 1822 the regular appropriation for the Cumberland road was

vetoed by President Monroe, and in 1830 the Maysville and Lexington

turnpike bill, authorizing a Government subscription to the stock of

a turnpike company in Kentucky, was passed by Congress, but was
vetoed by President. Jackson. •

The monetary crisis of 1837 put a damper on all projects requiring

large Government expenditures, and from that time to 1851 only a

few small appropriations were made. Another period of activity

then began ami lasted until the civil war, during which time over

<>0,000 was laid ou1 chiefly on roads in the Territories. From that

time to this only a few military roads have been made, and of bite

years nothing has been done in the way of national aid, save the build-

ing of roads in the District of Columbia, in national cemeteries, and
on reservations.

INTRODUCTION AND DEVELOPMENT OF STEAM KAILROADS.

The work of building national highways, it will be observed from

the foregoing, progressed but slowly, and before much had been

accomplished in this direction steam railroads were introduced. It

was seen atonce thai this form of transportation would be far superior

to the old method, and many people believed that railroads would

eventually do away with the need of public highways. The national

highways were, therefore, abandoned, and for several decades there-

after the public roads were almost completely neglected, while private

capital undertook the construction of railroads.

The railroad had its birth in the United States on the Fourth of

July, 1828. On that day the ceremony of breaking ground for the

Baltimore and Ohio Railroad was performed by Hon. Charles Carroll,

who Mas at that time the only surviving signer of the Declaration of

Independence. From the small section that was operated at first by
horse power has grown a system which places this country in the front

rank in the character and extent of its railroads.

The mania for building railroads soon began to spread; speculators

again came to the front, as they had done when turnpike building

was so popular. Railway lines were projected which, had the}7 all

been built, would have far surpassed the number now in actual opera-

tion. Seven vears after the commencement of the construction of
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the Baltimore and Ohio, over 1,000 miles of railroads were in opera-

tion in the United States, and to-day they penetrate nearly every sec-

tion of our land.

Thus, the rapid development and extension of railways has, to a

large extent, monopolized the thoughts, energies, and finances of the

people, and tended to exclude consideration of the no less important

source of national development, the public highways.

There must, however, be a limit to the building of railroads. With
all our railroads, the transportation problem has not yet been solved.

Indeed, the building of so many railroads has made it more neces-

sary than ever that the primary means of transportation, the country

road, should be improved. Ninety-nine per cent of ail the commerce

of the United States which is transported by steam is carried for some

distance over the public thoroughfares, and "it costs as much in

some cases to haul goods to or from the railway station over the coun-

try road as it does to transport by steam the same amount of goods

from ocean to ocean or from continent to continent."

DIFFICULTIES OF TRANSPORTATION AND OF TRAVEL.

For many years after the introduction of railroads so little attention

was given to the construction and maintenance of the public high-

ways that their condition in most places became even more deplorable

than ever. The local roads as well as the interstate turnpikes became

practically impassable. As an illustration of these conditions the

following facts are cited

:

When agricultural machinery began to be manufactured at Walnut
Grove, Va., great difficulty was experienced in procuring some of the

material which had to be brought from a distance. Neither was it

easy, when the machines were once manufactured, to get them to

market. Sickles were made 40 miles away, but as there were no rail-

roads and but few highways fit for wagons, the blades, 6 feet long,

had to be carried on horseback. It was soon realized that while reap-

ers were luxuries in Virginia and the East, they were a necessity in

Ohio and Illinois and on the plains of the great West. When it was

discovered that the West was the natural market for these agricul-

tural machines, the next and most difficult queslion was that of get-

ting them there. The question was finally solved by shipping the

first consignment, in 1844, by wagon trains from Walnut Grove to

Scottsville, Va., then down the canal to Richmond, thence by water

down the James River into the Atlantic and around Florida into the

Gulf of Mexico, thence byway of New Orleans up the Mississippi and

Ohio rivers to Cincinnati, Ohio. 1

When Charles Dickens visited America in 1842 he had occasion

to travel by stagecoach from Cleveland to Sandusky, Ohio. 11 is

'Men of Achievement, Inventors, by P. S. Hubert, jr.
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Fig. 1.—The Rolled Foundation of an Object-Lesson Road Built at Hot Springs,

Va., under the Auspices of the Office of Public Road Inquiries of the Depart-
ment of Agriculture.

Fig. 2.—Finishing Touches to the Sample Road Built at Hot Springs, Va., under
the Auspices of the Office of Public Road Inquiries of the Department of
Agriculture.
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description of part of this journey can be used here to good purpose in

describing the condition of many of the public roads of that day:

At one time we were all flung together in a heap at the bottom of the coach,

and at another we were crushing our heads against the roof. Now, the coach was
lying on the tails of the two wheelers: and now it was rearing up in the air in a

frantic state, with all four horses standing on the top of an unsurmountable emi-

nence. * * * The drivers on these roads, who certainly got over the ground

in a manner which is quite miraculous, so twist and turn the team about in for-

cing a passage, corkscrew fashion, through the bogs and swamps, that it was quite

a common circumstance on looking out of the window to see the coachman with

the ends of a pair of reins in his hands, apparently driving nothing, or playing at

horse-, and the leaders staring unexpectedly at one from the back of the coach,

as if they had some idea of getting up behind. A great portion of the way was
over what is called a corduroy road, which is made by throwing trunks of trees

into a marsh and leaving them to settle there. The very slightest of the jolts

with which the ponderous carriage fcdl from log to log was enough, it seemed, to*

have dislocated all the bones in the human body. It would be impossible to expe-

rience a similar set of sensations in any other circumstances, unless, perhaps, in

attempting to go up to the top of St. Paul's in an omnibus. Never, never once

that day was the coach i:i any position, attitude, or kind of motion to which we
are accustomed in coaches. Never did it make the smallest approach to one's

experience of the proceedings of any sort of vehicle that goes on wheels.

This description also servos to illustrate the condition of the country

roads, except in a few wealthy communities, twenty or twenty-five

years ago. Kentucky was famous for her line roads a generation ago.

Even before the Eastern States had made any decided progress in this

direction the Slate of Kentucky aided the construction of turnpikes

by large county and State appropriations. Few States have been

more liberal in promoting the building of better highways than Ken-
tucky. The wretched condition of the country roads as well as the

ever- increasing need for better ones did not, however, begin to attract

widespread attention until something over ten years ago, but, although

the movement is yet young in years, the agitation has already led to

a general crusade which foreshadows thorough reformation.

ESTABLISHMENT OF THE OFFICE OF PUBLIC ROAD INQUIRIES.

Some road reformers think, as thought many of the founders of the

Republic, that the General Government should aid in the building of

the principal roads. This idea, however, has met with little encour-

agement; but out of the agitation has grown a law, passed bjT Con-
gress in 1893, providing for an office in the Department of Agriculture

to collect and disseminate information on the road subject, to conduct

investigations, inquiries, and experiments regarding road materials

and road construction, and to encourage, by object lessons and other-

wise, the building of better roads. (PI. XIV.) Twenty bulletins and
thirty-three circulars containing information of great value to good-

roads reformers as well as to good-roads builders have been published

by the Office of Public Road Inquiries, and the usefulness of such a

good-roads propaganda seems to have been fully demonstrated.
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PROGRESS OF THE MOVEMENT IX THE STATES FOR GOOD ROADS.

More than half the States have passed new and progressive road

laws, and many hundreds of miles of good roads have already been

built under the influence of the new conditions of administration,

finance, and construction. The general trend of legislation enacted

in these States is as follows : More rigid provisions for carrying out

the old systems without radical change in the systems themselves;

more liberal tax levies: substitution of money tax instead of labor;

local assessment, according to benefits, for the construction of new
roads; construction by townships, counties, and districts, with power
to issue bonds; State highway commissions; provisions for working

convicts; regulations compelling and encouraging the use of wide tires;

State aid to road building; construction of State roads.

New Jersey was the first State to take any radical step toward the

improvement of her public highways. Her State-aid law was passed

in 1891. It provides that on petition of the owners of two-thirds of

the lands bordering any public road, not less than a mile in length,

asking that the road be improved and agreeing to pay 10 per cent of

the cost, the county officials shall improve the road, one-third of the

expenses to be borne by the State, if the road is brought to the stand-

ard fixed by the State commissioner of public roads, and the balance

(66f per cent) by the county. The State's expenditures for such

improvements in any one year are limited to $150,000, while the county

is limited to one-fourth of 1 per cent^of its assessed valuation. At
this rate the law makes possible the expenditure of 8450,000 a year,

and at $3,000 per mile this builds 150 miles of road. Ten miles of

road were built in 1892, 25 miles in 1893, 60 miles in 1894, and since

1895 the applications for new roads have been far in excess of the

limit prescribed by law. (PL XV.)
Under this law about 450 miles of improved road have already been

built in New Jersey, the State's portion of the expense being about

$715,800. The counties and towns have built out of their own treas-

uries 450 more miles, which brings the total mileage of improved roads

for the State up to 900. These roads cost at first about $G,000 per

mile, but on account of the reduction in the price of materials and the

increase of labor-saving machinery the cost has been reduced to about

half this amount. The farmers, who at first strongly opposed the

law, are now equally enthusiastic for it, and more roads are being

petitioned for than can possibly be built in many years out of the

limited State appropriation. The system seems to be popular with all

classes, and it is being carefully considered by the legislatures of

other States. Its principles have been adopted by Massachusetts,

Connecticut, Rhode Island, New York, and California. These laws,

of which State aid is the principle feature, are regarded by the active

advocates of road reform as affording a satisfactory solution of the

problem.
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Fig. 1.—Type of Road in New Jersey before Improvement.

Fig. 2 —Type of Road in New Jersey after Improvement.
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Fig. 1
.—Type of Road in Massachusetts before Improvement.

Fig. 2.—Type of Road in Massachusetts after Improvement.
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Massachusetts, like New Jersey, also has adopted a system of road

improvement which, it is believed, will result in a few years in securing

to that Slate highways that will be second in excellence to none in the

United States and equal to some of the best in the Old World. The
Si air has a permanent highway coTumission, consisting of three per-

sons. Each year this commission is allowed to spend $600,000 for

building and maintaining roads, which are called State roads. The
lav,- provides that not more than 10 miles of road can be built in any
oie.' county in a year and that within six years after the construction

of any State road the county in which the road is situated must pay
to the State one-fourth of the money expended. Nearly 300 miles of

excellent roads have been built in Massachusetts under this new sys-

tem, the average cost per mile of which was about $0,000. (PI. XVI.)
Connecticut has made rapid progress in building highways during

the last five years. It now lias a highway commission, which was pro-

vided in 1895-96 witli £450,000 and in 1897-98 with *40O,000 for road

improvement. In 1895-96 the State paid one-third the expense of con-

struct ing the roads, the town one-third, and the county the remainder,
bat in 1897-98 the Slate increased its part of the expense to one-half,

1lie other half being borne by the towns. The amount of work accom-
plished is shown by the fact that in the two years last named the

entire State appropriation was applied for by the towns, and this was
done without any county assistance.

Although the Rhode Island commissioner of highways does not

favor State aid, as adopted in the adjacent States, the legislature has
at his suggestion passed a law which enables him to build a half-mile

sample of good macadamized highway in each town. These perma-
nent object lessons are of great benefit to the towns where good high-

ways have not been built, and are conducive to more liberal appro-

priations for new roads, as well as more thorough construction, when
the local authorities choose to carry the work forward. Out of 2,240

miles of highways in Rhode Island, about 500 miles have been

improved by the use of gravel or stone.

The legislature of New York passed a bill last year which provides

that the State's share in the improvement of highways shall be 50 per
cent of the cost, the county's share 35 per cent, and the town's share

t lie remainder. The boards of supervisors are given the right to decide

what roads, if any, are to be improved, thus making the matter of

road improvement entirely optional. No new offices were created,

the State engineer being placed in charge of all road work. The law
seems to give satisfaction; several miles of new roads have been built,

and work is still in progress, under its provisions.

The legislature and people of California have not been idle in the

work for good roads nor blind to the needs of the State in this respect.

Up to a few years ago some of the convicts had been supported in

comparative idleness at the expense of the State, while others had
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been utilized in direct competition with free labor. In 1895 the legis-

lature decided, at the suggestion of Gen. Roy Stone, to utilize convict

labor in preparing road materials; a bill was passed providing for a

highway commission and for the construction of a rock-crushing plant

on one of the State prison grounds. Since that time the convicts

have been turning out upward of 100,000 tons of crushed trap rock

annualty. Much of this material has been given to the counties

as the State's contribution toward the improvement of the leading

thoroughfares.

North Carolina, Delaware, Iowa, New Jersey, New York, Tennessee,

and other States also have laws providing for the use of convict labor

in improving the highways. North Carolina has made greater prog-

ress and has built more miles of roads under this system than any

other State. Thus, one might, if space permitted, go through the

whole list of States and find evidences of great progress in road im-

provement. Governor Mount, of Indiana, for instance, says that his

Commonwealth is provided with 58,000 miles of graded, graveled, and

piked highways, over 8,000 miles of which are comparable with the

best roads of France. The public is now more thoroughly aroused to

the importance of the movement for better roads than ever before,

and more roads and better roads have been built in the United States

in 1899 than in any previous year in its history.

The agitation which has become so universal will surely result in a

well-defined public sentiment that will soon overcome all obstacles.

With the new century, the good-roads movement is likely to receive

valuable aid from the owners of horseless vehicles, already not un-

common on our thoroughfares. The aid of these new allies, added

to that of the farmer, with his great pecuniary interest in the ques-

tion, to say nothing of the army of wheelmen already enlisted in the

cause, promises well for a rapid spread of the movement throughout

the country.



DAIRY DEVELOPMENT IN THE UNITED STATES.

By Henry E. Alvord,

Chief of Dairy Division, Bureau of Animal Industry.

THE PRESENT FIELD OF THE DAIRY INDUSTRY.

No branch of agriculture in the United States has made greater

progress than dairying during Hie nineteenth century. No other lias

received more direct benefit from the art of invention, the teachings

of modern science, and the intelligent practice of skilled operators.

Cooperative and commercial organizations have been formed to con-

duct the business locally and to guard its general interests. State

laws- and appropriations of money have been made to foster and pro-

mote this industry. Dairying has become the specialty of districts

of wide area in different parts of the country. It is now regarded as

among the most progressive and highly developed forms of farming
in the LTnited States.

The greater part of this country has been found so well adapted to

dairying that its extension has more than kept pace with the opening

and settlement of new territory. A belief was long entertained that

successful dairying in America must be restricted to narrow geo-

graphical limits, constituting a "dairy belt" lying between the fortieth

and forty-fifth parallels of latitude and extending from the Atlantic

Ocean to the Missouri River; the true dairying districts were thought

to be in separated sections, occupying not more than one-third of the

area of this belt. These ideas have been exploded. It has been

proved that good butter and cheese can be made, by proper manage-
ment, in almost all parts of North America. Generally speaking,

good butter can be made Avherever good beef can be produced.

Advantages unquestionably exist in the climate, soil, water, and
herbage of certain sections, but these factors are largety under con-

trol, and what is lacking in natural conditions can be supplied by
tact and -skill. So that, while dairying is intensified, and constitutes

the leading agricultural interest over large areas where the natural

advantages are greatest, the industry is found well established in

spots in almost all parts of the country and developing in unexpected

places and under what might be considered as very unfavorable

conditions.
381
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DAIRYING DURING THE COLONIAL PERIOD AND AT THE PRESENT TIME.

Dahying was practiced in this country in colonial times, and butter

and cheese are mentioned among the early exports from the settle-

ments along the Atlantic coast; but this production was only a feature

of general and pioneer farming. Dairying as a specialty did not

appear in the United States to any extent until well along in the nine-

teenth century. The dairy history of the country is therefore iden-

tical with its progress in the present century. This progress has been

truly remarkable. The wide territorial extension ; the immense in-

vestment in lands, buildings, animals, and equipment; the groat

improvement in dairy cattle; the acquisition and diffusion of knowl-

edge as to economy of production; the revolution in methods and sys-

tems of manufacture; the general advance in quality of products; the

wonderful increase in quantity; the industrial and commercial im-

portance of dairying, all constitute a prominent feature in the material

progress of the nation.

DAIRYING DURING THE EARLY PART OF THE CENTURY.

During the early part of the century the keeping of cows on Amer-
ican farms was incident to the general work. The care of milk and
the making of butter and cheese were in the hands of the women of

the household, and the methods and utensils were crude. The average

quality of the products was inferior. The supply of domestic mar-

kets'was unorganized and irregular. The milch cows in use belonged

to the mixed and indescribable race of "native " cattle, with occasion-

ally a really good dairy animal appearing singly, almost by accident,

or, at the best, as one of a family developed by some uncommonly
discriminating yet unscientific breeder. The cows calved almost

universally in the spring, and were generally allowed to go dry in the

autumn or early winter. Winter dairying was practically unknown.
As a rule, excepting the pasture season, cattle were insufficiently and
unprolitably fed and poorly housed, if at all. It was a common thing

for cows to die of starvation and exposure, and it was considered no

disgrace to owners to have their cattle "on the lift" 1 in the spring.

In the Eastern and Middle States the milk wras usually set in small

shallow earthen vessels or tin pans for the cream to rise. Little

attention was paid to cooling the air in which it stood in summer or

to moderating it in winter so long as freezing was prevented. The few
who scalded fresh milk had no idea of the true reason for so doing or

why beneficial effects resulted. The pans of milk oftener .stood in

pantries and cellars or on kitchen shelves than in rooms specially con-

structed or adapted to the purpose. In southern Pennsylvania and
the States farther south spring houses were in vogue; milk received

1 A common expression in years past in some localities, indicating the actual

necessity of human aid to raise emaciated animals to their feet.
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Fig. 1.—Butter Making—the Old Way.

Fig. 2.—Butter Making—the New Way.
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care, and setting it in earthen crocks or pots, standing in cool, flowing

water, was a usual and excellent practice. Churning the entire milk

w:is very common. This is still done to some extent in the Southern

State.-, where butter is made every morning and where all the milk

is iuittermilk. In seasons of scarcity of milk there was no butter.

In the Northern States there were some instances where families were

supplied with batter weekly during most of the year, and with an

occasional cheese, directly from the producers. But the general farm
practice was to '"pack" the butter in firkins, half firkins, tubs, and

S, and U-t the cheese accumulate on the farm, taking these prod-

ucts to market only once or twice a year. Xot only were there as

many different lots and kinds of butter and cheese as there were pro-

ducing farms, but the product of a single farm varied in character

and quality according to season and other circumstances. Every
package had to be examined, graded, and sold upon its merits. It

was usual for half the butter in market to be strong, if not actually

rancid, and for cheese to be sharp. With the products largely low in

grade, prices were also very low. (PI. XVII.)

DAIRYING DTTBBfG THE MIDDLE OF THE CENTURY.

The above conditions continued without material change up to the

middle of the century. Some improvement was noticeable in cattle

and appliances, and in some sections dairy farmingbecame a specialty,

although not in a marked degree. Herkimer County, X. Y., is proba-

bly the best example of early daily districts in this country. Of this

county X. A. WiHard wrote (in 1870) as follows:

Cheese making began here more than sixty years ago. For upward of twenty
years its progress was slow and the business was deemed hazardous by the major-

ity of farmers, who believed that overproduction was to be the result of making
a venture upon this specialty. The fact, however, gradually became apparent
that the cheese makers were rapidly bettering their condition and outstripping in

wealth those who were engaged in grain raising and a mixed husbandly. About
the year 1830 dairying became general in the towns of Herkimer County north of

the .Mohawk, and some years later spread through the southern part of the county,
gradually extending into Oneida and adjoining counties. Up to this period and
for several years later little or no cheese was shipped to Europe. It was not con-

sidered fit for market till fall or winter. It was packed in rough casks and ped-

dled in the home market at 5 to S cents a pound.

All the operations of the daily continued rude and undeveloped
even in these ''dairying districts." The cows were milked in the

open yard, and the curds were worked in homemade tubs and pressed
in log presses. Everything was done by guess; there was no order,

no system, no science in dairy operations. The cheese-makinir sec-

tion gradually embraced the central and western portions of New
York and the adjaeent parts of Pennsylvania and Ohio, and the total

production became large. Toward the middle of the century the

gross supply of cheese was in excess of domestic demand, and cheese
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exports from the United States, mainly to Great Britain, ranged from
3,000,000 to 17,000,000 pounds a year. With the growth of cities and
towns the business of milk supply increased and better methods pre-

vailed. Yet, prior to the year 1850 no city had received any part of

its milk supply by railroad transportation; near-by producers met all

existing demands by hauling in their own vehicles. Butter making
for home use and in a small way for local trade was common wher-
ever cows were kept, and in some places there was a surplus sufficient

to be sent to the large markets. Vermont and New York became
particularly noted for butter production. "Franklin County butter,"

from counties of this name in those two States and in Massachusetts,

was the favorite in New England markets, and the fame of "Orange
County" and "Goshen" butter, from southern New York, was still

more extensive.

DAIRYING DURING THE THIRD QUARTER OF THE CENTURY.

The twenty-five 3
Tears following 1850 was a period of remarkable

activity and progress in the dairy interests of the country. At first

the agricultural exhibitions or "cattle shows," which were compara-

tively new and popular, and the enterprise of importers turned atten-

tion toward the improvement of farm animals; breeds of cattle noted

particularly for dairy qualities were introduced and began to win the

favor of dairy farmers. Then the early efforts at cooperation in dat-
ing were recognized as successful, and were copied until the cheese

factory became an established institution. Once fairly started in the

heart of the cheese-making district of New York, the factory system

spread with much rapidity. The '

' war period " lent additional impetus

to the forward movement. The price -of cheese, which was 10 cents

per pound and less in 1860, rose to 15 cents in 1803 and to 20 cents

and over in 18G5. The foreign demand increased also, and the yearly

cheese exports rose from 10,000,000 pounds in 1850 to 15,000,000 in

1860 and to almost 50,000,000 in 1865. Ten years later over 100,000,000

pounds were exported.

ESTABLISHMENT OF CHEESE AND BUTTER FACTORIES.

Although several earlier instances of associated dairying have been
authenticated, which were locally successful, it is generally conceded
that the credit of establishing the first real cheese factory, which
served as a model and incentive to others (fig. 10), belongs to Jesse

Williams, of Oneida County, N. Y. Mr. Williams lived upon his farm,

near Rome. He was an experienced and skillful cheese maker, and
his dairy had such a good reputation and its product was so eagerly

sought at prices above the average that he increased his output of

cheese by adding to his own supply of milk that from the herd of a

son located upon a farm near by, and then from other neighbors. This



DAIRY DEVELOPMENT. 385

idea of bringing together daily the milk from several neighboring
farms, to be made into cheese at one place by a skilled operator, was

Front elevation. End elevation.

err
l.: .

'

PLATFORM

Ground plan.

Fi<;. 10. Elevations and plan of one of the first cheese factories

built in the United states.

the germ from which sprang the cheese-factory

system of the United States. Mr. Williams began
working on this plan in L851. lie was so success-

ful thai a special building was erected the next

year and fitted up with the best apparatus obtain-

able. The effecl of this good example and the

early extension of the factory system is shown by
the following table, which gives the number of

factories built and put into operation in New York annually during
the years stated:

Number of che< se factories established in the State of New York annually, 1854-1866.

Year.
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Making butter in quantity from milk or cream collected from numer-

ous farms soon followed as the next advance in American dairying-

.

Such establishments are properly butter factories, but the name of

"creamery" has been generally adopted, and is not likely to be

changed. The first creamery was built by Alanson Slaughter, near

Wallkill, Orange County, N. Y., in the year 1801. The milk from

375 cows was received here daily. In Illinois the first cheese factory

was started in 1803 and the first creamery in 1807. In Iowa these

respective dates were 18GG and 1871. During the earlier years of their

operation it was quite common for both butter and cheese to be made
at the creameries at different times, or butter and skim cheese at the

same time.

SOJIE FEATURES OF THE FACTORY SYSTEM OF DAIRYING.

The effect of the establishment of cheese and butter factories, com-

paratively new in kind, is to transfer the mating of butter and cheese

from the farm to the factory. Originating in this country, although now
extensively adopted in others, the general plan may be rightly called

"The American system of associated dairying." It constitutes one of

the notable and important landmarks inthe progress ofdairying during

the present century. The early cheese factories and creameries were

purely cooperative concerns, and it is in this form that the system has

usually extended into new territory, whether for the production of

butter or cheese. The cow owners and producers of milk cooperate

and share, upon any agreed basis, in organizing, building (or renting

and refitting), equipping, and managing the factory and disposing of

its products. The farmers interested as joint owners, and all who

contribute milk or cream, are called the patrons. The operations are

managed by a committee or board of directors chosen by and from the

patrons. If the business is large enough to warrant the expense, the

immediate supervision of the concern and all its interests is intrusted

to a single manager, employed by the board. In a factory of this

kind all expenses are deducted from the gross receipts from sales and

the remainder is divided pro rata among the patrons upon the basis

of the raw material contributed. Another plan is for the plant to be

owned by a joint stock company, composed largely, if not wholly, of

farmers, and milk or cream is received from any satisfactory producer.

In this case interest on the property or capital is usually allowed and

included in the current expenses. The management is otherwise the

same; the stockholders receive a fixed rate of interest on their invest-

ment and the dividends to patrons depend upon their deliveries of

milk or cream and the fluctuations of the market for the factory

products. The proprietary plan is also common, being managed

much like any other factory; the proprietor or company buys the

milk or cream from the producers at prices mutually agreed upon

from time to lime and assumes all the expenses, risks, and returns of
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the business. Another way is for the factory, whether owned and

managed by a company of farmers (probably themselves patrons) or

by outsiders, to bear all expenses, make and sell the butter and cheese

at a fixed charge per pound, and divide the net proceeds of sales as on

the purely cooperative plan. All these plans are varied and modified

in practice. Fig. 11 shows the ground plan of the first creamery in

this country.
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PlG. 11 -Ground plan of the first creamery, or butter factory, in the United States (provisions

tor cheese making, included-: 1. water pipe; 2, churns; 3, butter worker; 4, whey cistern.

METHODS OF MANAGEMENT OF CHEESE AND BUTTER FACTORIES.

Independent of the matters of ownership, organization, and control,

the factories and creameries differ much in methods of management
and of settlement with patrons. Great progress in these particulars

has been made since the introduction of the system. The first estab-

lishments received milk from patrons daily and sometimes twice a

day. From near-by farms the milk was often warm from the cow at

time of delivery. The milk was then kept in large vats (for cheese

making) or in immense shallow pans in a cooling and creaming room

until skimmed. Abundant room and expensive receptacles were nee

essary at the creamery. Then, for butter making, deep setting of the

milk in cool water was adopted. The creameries were provided with

pools or stationary vats below the floor level. Through these, cool

water flowed from springs near at hand, and in them the milk was set
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iii "shotgun" cans (fig. 12), immediately after arrival, for cooling and
for cream to form. The pools were 18 or 20 inches deep, Avith racks at

bottom to hold cans. The tin cans were 22 inches deep and 8 inches

in diameter and filled so that when in the pool the top of the milk

was just below the surface of the water. Springs with abundant flow

and having a natural temperature of 48° to 50° F. were regarded as

highly desirable. Afterwards came the method of mechanical cream
separation (to be later described) in place of "setting," or the gravity

sj'stem. Another radical change, which began about 1875, was to set

and skim the milk on the farms and haul only cream to the factories.

Agents from the creameries, with suitable teams and carrying cans,

drove from farm to farm and gathered the cream. Hence, the name
of "gathered-cream factories" for establishments of this class. This

kind of factory is still the favorite in some good butter districts, and
it has very decided merits. The earliest factories and creameries

paid for milk by the quart or gallon and at the same price, all lots of

equal bulk being regarded of equal value. The
first step in advance on this line was to buy or

credit milk by weight, but still all at the same
price. On the gathered-cream plan, equal bulk

measures of cream were long regarded as of

like value, and this is still practiced to some
extent. The most modern and approved plan

is to pay for the milk or cream received by
factory or creamery according to the pounds

of fat it actually contains as experimentally

determined. This will be referred to later.

At first it was considered sufficient to have

200 cows tributary to a factory, and patrons

were expected to be located within a mile or

two, and 4 or 5 miles was the maximum haul. Larger factories were

soon favored as more economical, and very large ones have been lately

put in operation, each receiving the daily product of thousands of cows.

Milk and cream is hauled twice as far as formerly to patronize a fac-

tory, and often by cooperation among the farmers along a '

' route. " All

patrons are now expected to cool their milk thoroughly before it leaves

the farm. In the latest form of creamery management,cream is collected

over many square miles of territory and transported long distances by
rail to be made into butter at a central factory. (A modern creamery is

shown in PL XVIII.)
THE COXDEXSED-MILK INDUSTRY.

The condensed-milk industry had its beginning coincident with the

inauguration of (he factory system for making butter and cheese

Some method of preserving milk had long been sought and numerous

preparations of the article had been offered, but these failed to meet

the requirements and win public favor. In 1846 experiments were

Fig. 12.—"Shot-gun" setting

can and cream dipper.
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Fig. 1.—A Pioneer Creamery in the State of South Dakota.

Fig. 2.—A Modern Creamery in the State of New York.
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begun in Now York by Mr. Gail Borden with a view of securing a pre-

served milk that was pure, wholesome, and palatable, capable of being

Transported long distances and kept for long periods in trying climates,

and then serving as a satisfactory substitute for crude, fresh milk;

but it was not until 1856 that he obtained results which have since

popularized the product in every quarter of the globe. The previously

prevailing ideas of a dry form of milk (desiccated, solidified, or pow-
dered) were abandoned, and it was decided that a semiliquid state

was the best form for preservation. The correctness of this decision

is attested by the fact that, extensive as the industry now is and
numerous as are the commercial brands, all condensed milk is still

prepared under substantially the system then originated. This

applies to the unsweetened as well as to the sweetened article, for

"plain condensed milk" was first introduced and put upon the mar-
ket about the year L861. It was then mainly in open vessels and
intended Cor early use. At that time condensed milk in both forms

had become well known, and four or live factories were in operation,

each producing about .">,000 one-pound cans per day. For the year

L879 the production of condensed milk in the United States was
reported as 13,000,000 pounds and for 1889 as 38, 000,000 pounds.

APPLICATION OF MECHANICS TO THE DAIRY.

The third quarter of the century was also a period of unprecedented
progress in the application of mechanics to the dairy. The factories

Fig. 13.—Milk room, with small shallow pans.

and creameries required new equipment, adapted to manufacture upon
an enlarged scale, and equal attention was paid to the improvement
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of appliances for farm dairies. Shallow pans were changed in shape
and greatly enlarged; some were made to hold 20 or 30 gallons,

and had bottom and sides double for cooling or warming by the water
jacket. (See figs. 13 and 14.) Then these big pans, and most others,

disappeared in favor of deep setting. This system, in which deep

I

pgfjf Wc^P§^<

PlG. 14—Large milk pans, open and shallow.

cans were used, set in cold water, preferably iced water, was intro-

duced from Sweden, although the same principles had been in prac-

tice for generations in the spring houses of the South. Numerous
creaming appliances, or creamers, were invented, based upon this

Fig. 15.—Patterns of hand butter workers.

system. 1 hitter workers of various models, most of them employing

the lever, or a crank and roller, took the place of the bowl and ladle

and the use of the bare hand. Churns appeared of all shapes, sizes,

and kinds, the general plan being to abolish dashera and substitute

the agitation of cream for violent beatine. About this time the writer



DAISY DEVELOPMENT. 391

made a search of the United Stales Patent Office records, which

revealed the fact that forty or fifty new or improved churns were

claimed annually, and, after about one-fourth were rejected, the pat-

ents actually issued provided a new churn every ten or twelve days

for more than seventy years! This illustrates the activity of inven-

tion in the dairy line. It was admitted by all that at this period the

United States was far in advance of any other country in the variety

and excellence of its mechanical aids to dairying. (Fig. 1-5.)

ORGANIZATION OF DAIRYMEN'S ASSOCIATIONS.

The same period witnessed the organization of dairymen in volun-

tary associations for mutual benefit, the formation of clubs and

societies of breeders of pure-bred cattle, and the appearance of the

first American dairy literature of consequence in book form. The

American Dairymen's Association was organized in 1863. Its fielfl

of activity was east of Indiana, and accordingly the Northwestern

Dairymen's Association was formed in 1867. Both of these asso-

ciations continued in existence, holding periodical conventions and

publishing their proceedings for twelve or fifteen years. Then fol-

lowed the formation of Stale dairy associations in Vermont (1870),

Pennsylvania (1871), Wisconsin (1872), Illinois (1874), Iowa (1876),

New York (1877), and other Stales, superseding the few pioneer

societies, which, for the time, covered broader fields.

INTRODUCTION OF l'AIKV CATTLE AND EFFORTS AT HERD IMPROVEMENT.

The Shorthorn breed led in the introduction of improved cattle to

the United States, ami for a long time the representatives of this race,

imported from England, embraced line dairy animals. Shorthorn

grades formed the foundation, and an excellent one, upon which

many dairy herds were bnili during the second and third quarters of

the century, and much of this blood is still found in prosperous dairy

districts. The period named was that of greatest activity in import-

ing improved cattle from abroad; but Shorthorns have been so gen-

erally bred for beef qualities that the demand for them is almost

exclusively on that line, and very few of the breed are now classed as

dairy cattle. Ayrshiivs from Scotland, IIolstein-Friesians from North

Holland, and Jerseys and Guernseys from the Channel Islands, are

the breeds recognized as of dairy excellence, and upon animals graded

and improved from these the industry mainly depends. The first

two breeds named are noted for giving large quantities of milk of

medium quality; the other two, both often miscalled "Alderney,"

give milk of exceeding richness, and theirs is the favorite blood with

butter makers. There are also the Browu Swiss and Simmenthal cattle

from Switzerland, the Normandy breed from France, and Red-Polled

cattle from the south of England which have dairy merit, but belong

rather to what is called the "general-purpose " class. Associations of

persons interested in maintaining the purity of the respective breeds
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have been formed since 1850, and they all record pedigrees and publish

registers or herdbooks. Pure-bred herds of some of these different

breeds arc owned in nearly every State, and these animals aggregate

200,000 or 300,000. Their blood is so generally diffused that half-

breeds or higher grades are very numerous wherever cows are kept

for dairy purposes. Therefore, although pure-bred animals form less

than 2 per cent of the working dairy herds, their influence is so great

that it is probable the average dairy cow of the United States at the

close of the century will carry nearly 50 per cent of improved blood.

The breeding and quality of this average cow, and consequently her
productiveness and profit, have thus been steadily advanced.

The progress made in this respect in fifty years has been remark-

able. When improvement upon the native stock began, a cow that

would make a pound of butter a day for two or three months was a

local celebrity. Now and then a single animal made a realhy note-

worthy record, like that of the Oakes cow, famous in Massachusetts

about 181G. This cow gave 44 pounds of milk a day and made 4G7

pounds of butter during one season, but she was evidently a spoil and
failed to reproduce her equal. The first good record of definite herd

improvement was made by Zadock Pratt, of Greene County, X. Y.

By careful selection and culling he increased the average butter

product of his 50 cows from 130 pounds for the year 1852 to 225

pounds in 1863; for seven 3
7ears the average milk yield was 4,710

pounds per cow. About 1865, when good cows sold for $40 or less, an
enterprising dairyman in New England advertised widely that he

would pay $100 for any cow which would yield 50 pounds of milk a

day on Ins farm for two or three consecutive days. Not an animal

was offered under these conditions. The good dairy cow has now
been so long bred to a special purpose that instead of the former short

milking period, almost limited to the pasture season, it yields a com-

paratively even flow of milk during ten or eleven months in every

twelve, aud if desired the herd produces as much in winter as in

summer. A cow that does not average 6 or 7 quarts of milk per day
for three hundred da3*s, being 4,000 to 4,500 pounds a year, is not

considered profitable. There are many herds having an average

yearly product of 5,000 pounds per cow, and single animals are numer-

ous which give ten or twelve times their own weight in milk during

a year. Quality has also been so improved that the milk of many a

cow will make as much butter in a week as did that of three or four

average cows of the mid-centuiy. Whole herds average 300 to 350

pounds of butter a year, occasionally more, and authenticated rec-

ords of cows giving 2 pounds a day are very numerous. Rivals to the

Oakes cow may now be found frequently, often several in one bovine

family, the dairy merit maintained and transmitted by judicious

breeding; and although animals of such excellence are none too com-

mon, they no longer excite astonishment or incredulity. (PI. XIX.)
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Fig. 1.—"The Oakes Cow.

Fig. 2.—Dairy Bull, Modern Tyfe. Guernsey.

Fig. 3.—Dairy Cow, Modern Type. Jersey.
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DAIRYING DURING THE CLOSING DECADES OF THE CENTURY".

The development of dairying in the United States during' the clos-

ing decades of the nineteenth century has been uninterrupted and

marked by events of the greatest consequence in its entire history.

The importance of two inventions during this period can not be over-

estimated.
MECHANICAL SEPARATION OF CREAM FROM MILK.

The first is the application of centrifugal force to the separation of

cream from milk. This is based upon the fact tlrat the specific gravity

of milkserum, or skim milk, is greater than that of the fatty portion, or

cream. The dairy centrifuge, or cream separator (fig. 16), enables the

creaming or " skimming" to be done immediately after milking, prefer-

Fia. 16.—Centrifugal cream separator (in operation).

ablywhilethe milkhas itsnatnral warmth. The cream can be churned

a1 once, while sweet, but the better and usual practice is to cool thor-

oughly and then slowly cure, or "ripen," it for churning. The cream

can be held at a comparatively high temperature, avoiding the neces-

sity of much ice or cold water. The skim milk is available for use

while still warm, quite sweet, and in its best condition for feeding to

young animals. This mechanical method is more efficient than the

old gravity system, securing more perfect separation and preventing

loss of fat in the skim milk, it also largely reduces the dairy labor.

The handling and care of the milk may be thus wholly removed from

the duties of the household. Separators are made of sizes and patterns

suited to farm use, and to be operated by hand or power—a dog or a

sheep, a bull or a horse, water, electricity, or steam. The foregoing
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conditions apply when the separation is done on the farm where the

milk is produced. In creamery practice the milk is usually aired

and cooled on the patrons' farms and hauled once a day to the fac-

tory; there it is warmed to facilitate the work, passed through the

separator, and the skim milk may be at once hauled hack to the

farms. A creamery uses one or more separators of large capacity,

operated by power. This practice involves the double haul and an
apparent waste of the farmer's time and labor. A movement toward

economy in this respect is the establishment of "skimming stations"

at convenient points, equipped with one or more power separators; to

these the milk is taken for separation from the farms in the vicinity,

and from these stations the cream
is carried to the central factory for

curing and churning.

Besides its economj' and its effect

upon labor, the mechanical cream
separator almost eliminates the fac-

tor of climate in a large part of

dairy management, and altogether

has worked a revolution in the

industry. The centrifuge is still a

marvel to those who see it working

for the first time. The whole milk,

naturally warm or warmed artifi-

cially, flows into a strong steel bowl

held in an iron frame; the bowl re-

volves at rates varying from 1.500

to 25,000 times per minute, and
from two projecting tubes the cream and skim milk separately flow

in continuous streams. The machines can be regulated to produce

cream of any desired quality or thickness. These separators of dif-

ferent sizes are capable of thus skimming or separating (more prop-

erly, creaming) from 15 to 500 gallons of milk per hour. A machine
of standard factory size has a speed of 6,000 to 7,000 revolutions a

minute and a capacity for creaming 250 gallons of milk an hour.

The world is indebted to Europe for this invention, at least as a

dairy appliance. It is the only instance in which dairy invention

abroad has been notablj' in advance of the United States. Yet, inves-

tigations were in progress contemporaneously in this count ry along

the same line, and many of the material improvements in the cream
separator and several novel patterns have since been invented here.

The machine has been vastly improved during its twenty years of

existence. At first the bowl was Idled with a "charge" of milk, the

separation effected, the machine stopped, its compartments emptied
of milk and cream, then refilledand started again. The continuously

acting machine was soon invented, however, and is now universal.

Fig. 17. -Babcocb tester (cheap form, with-

out bottles).
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.Most of the power machines are still operated by pulley, belting, and
intermediate (as shown in fig. 16), but in the latest patterns steam is

applied directly to a turbine wheel in the base of the standard. The
first centrifugal separators were put into practical use in this country
and Great Britain in the year 1870. On the continent of Europe they
were used a little earlier. The century closes with more than 40.000
of these machines in operation in the United States.

FAT TEST FOR MILK.

The second great dairy invention of the period is- the popular fat
test for milk, being a quick and easy substitute for chemical analysis.
This is .me of the public benefactions of the agricultural experiment
stations. In several States these stations have done much creditable

Fia. 18.—Early and cheap form of Babcock tester.

work in dairy investigation, and from them have come several clever
methods for testing the fat content of milk. The one which has been
generally approved and adopted in this and other lands is named for
its originator, Dr. S. M. Babcock, chemist and dairy investigator,
first of the New York experiment station at Geneva and since of the
Wisconsin experiment station. (See figs. 17 to 21.) This test combines
the principle of centrifugal force with simple chemical action. The
machine on the Babcock plan has been made in a great variety of pat-
terns, simple and inexpensive for home use and more elaborate and
substantial for factories. By these machines from two to forty samples
may be tested at once in a few moments, and by the use of bottles spe-
cially provided the percentageof fat may be determined in samples of
milk, cream, skim milk, or buttermilk. Of course, theglassware appur-
tenances of these testers must be mathematically accurate. Besides
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the machine and its fillings, the only supplies needed are sulphuric

acid of standard strength and warm water. Any person of intelli-

gence can soon learn to make ordinary tests with this appliance, but

care and skill are necessary to absolutely correct results.

Fig. 19.—Hand Babcock tester, with strong drum.

This fat test of milk has wide application, and it may fairly lie

questioned whether it is second to the cream separator in advancing
the economics of dairying. The percentage of fat being accepted as

the measure of value for milk for nearly all purposes, the Babcock

Pig. tO. -Hand Babcock tester, with variety of glassware.

test may be the basis for municipal milk inspection, for fixing .the

price of milk delivered to city dealers, to cheese factories, creameries,

and condenseries, and for commercial settlements between patrons in

cooperative dairying of any kind. By this tesl also the dairy farmer
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may prove the quality of milk from his different cows and (with

quantity of milk yield recorded) may fix their respective value as

dairy animals. Cows are now frequently bought and sold upon the

basis of the milk scale- and the Babeock test. With perfect appa-

ratus in competent hands the accuracy of the test is beyond question,

and it is of the highest scientific value and practical use. It should

be noted that although clearly patentable, thus offering to the pat-

entee an independent income through a very small royalty, this price-

less invention and boon to dairying- was freely given to the public by
Dr. Babeock. Recognition of this public service has taken the form

of a medal voted by the legislature of Wisconsin, and a handsome
testimonial has been sent by the spontaneous action of appreciative

ereainervinen in distant New Zealand.

PiC. 21.—Babeock tester for use by direct steam power, or "turbine tester.''

DAIRYING AT THE PRESENT TIME.

The advent of the twentieth century will find the dairy industry

of the United States established upon a plane far above the crude and
variable domestic art of three or four generations ago. The milch
cow itself, upon which the whole business rests, is almost as much a

machine as a natural product, and, as already shown, a very different

creature from the average animal of the olden time. Instead of a few
homely and inconvenient implements for use in the laborious duties

of the dairy, perfected appliances, skillfull}' devised to accomplish

their object and lighten labor, are provided all along the way. Long
rows of shining tin pans no longer adorn rural dooryards. The fac-

tory system of cooperative or concentrated manufacture has so far
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taken the place of home dairying that in entire Slates the cheese vat

or press is as rare as the handloorn, and in many counties it is as hard

to find a farm churn as a spinning wheel.

A SAMPLE OF THE CHANGES IN DAIRY PRACTICES.

Here is an example of the radical change wrought in dairy practices:

Northern Vermont has long been a region of large butter production.

St. Albans is the business center of Franklin County. During the

middle of the century the country-made butter from miles around

came to this market every Tuesday. The average weekly supply was
30 to 40 tons. This butter was very varied in quality, was sampled
and classified with much labor and expense, placed in three grades,

and forwarded to the Boston market, 200 miles distant. During
twenty-five years ending in 1875, some 05,000,000 pounds, valued at

$20,000,000, passed through this little town. All of this was dairy butter

made upon one or two thousand different farms, in as many churns. In

1880 the first creamery was built in this countj^; ten }*ears later there

were fifteen. Now, a creamery company located at St. Albans has

fifty-odd skimming or separating stations distributed through this and
adjoining counties. (PI. XX.) To those is carried the milk from more
than 30,000 cows. Farmers having home separators may deliver cream
which, being inspected and tested, is accepted and credited at its

actual butter value, just as other raw material is sold to mills and fac-

tories. The separated cream is conveyed by rail and wagon—largely

the former—to the central factory. There, in one room, from 10 to 12

tons of butter are made every working-da3T
. A single churning place

for a whole county! All of this butter is of standard quality, "extra

creamery," and is sold on its reputation, upon orders from different

points received in advance of its manufacture. The price is rela-

tively higher than the average for the product of the same farms fifty

years ago. This is mainly because of better average quality and

greater uniformity—two important advantages of the creamery system.

METHOD OF MILKING UNCHANGED.

In one respect dairy labor is the same as a hundred years ago.

Cows still have to be milked by hand. Although numerous attempts

have been made, and patent after patent has been issued, no mechanical

contrivance has yet been a practical success as a substitute for the

human hand in milking. Therefore, twice a day, every day in the

year, the dairy cows must be milked by manual labor. This is one

of the main items of labor in dairying, as well as a most delicate and

important dut3T
. Allowing 10 cows per hour to a milker, which means

lively work, it requires the continuous service of an army of 300,000

men, working ten or twelve hours a day throughout the year, to milk

the cows kept in the United States.
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Fig. 1.—Exhibit of Foreign Butters by the United States Department of
Agriculture, 1 899.

Fig. 2.—National Creamery Butter Makers' Annual Competition, Sioux Falls,
S. Dak., January, 1899.
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Fig. 1
.—Iowa Dairy School and College Creamery at Ames.

Fig. 2.—Wisconsin Dairy School at Madison—Milk Testing.





DAIRY DEVELOPMENT. 399

ORGANIZATION OF THE DAIRY INDUSTRY.

The industry is becoming thoroughly organized. Besides local

clubs, societies, and unions, there are dairy associations in thirty

States, most of them incorporated, and receiving financial aid under

Stat" laws. Theproceedings of the annual conventions are, in several

instances, reported and published at public expense. In some States

the butter makers and cheese makers are separately organized; in

some States creamery men and dairy farmers hold separate meetings.

Large competitive exhibits of dairy products are also held, and PL
XXI shows the annual exhibit for 1809 of the National Creamery

Butter Makers at Sioux Falls, S. Dak., including the exhibit of for-

eign butters by the Department of Agriculture. Eighteen States pro-

vide by law for officials known as dairy commissioners or food and

dairy commissioners. These officers have a national association, and

there are also two national organizations of dairymen. At several

large cities and centers of activity in the commerce of the dairy there

are special boards of trade. The Department of Agriculture has a

Dairy Division, whose purpose is to keep informed upon and to pro-

mote the dairy interests of the country at large. Dairy schools are

maintained in a number of Stales, offering special courses of practical

and scientific instruction in all branches of the business. (PI. XXII.)

These schools and the agricultural experiment stations, with which

most of the dairy schools are connected, are doing much original

research, and constantly adding to the store of useful information as

to the application of modern science to this industry. Graduates

from the schools are scattered all over the country as managers of

dairy farms ami superintendents of creameries and cheese factories,

ami are contributing to the general improvement in dairy methods

and results. Weekly and monthly journals in the interest of dairy

production and trade are published in various parts of the country,

ami (hiring the last decade or two a number of noteworthy books on

different aspects of dairying have been published, so that the student

of this subject may till a good-sized case with substantial volumes,

technical and practical in character.

MILK PRODUCTION.

The business of producing milk for town and city supply, with the

accompanying agencies for transportation and distribution, has grown
to immense proportions. In many places the milk trade is regulated

and supervised by excellent municipal ordinances, which have done

much to prevent adulteration and improve the average quality of the

supply. Full as much, however, is being done by private enterprise,

through large milk companies, well organized and equipped, and estab-

lishments which make a specialty of serving milk and cream of fixed

quality and exceptional purity. These efforts to furnish "certified"
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and "guaranteed " milk and general competition for the best class of

trade are doing more to raise the standard of quality and improve

the service than all t'he legal measures. The building's and equip-

ment of some of these modern dairies are quite beyond precedent.

This branch of dairying is advancing fast, and upon the substantial

basis of care, cleanliness, and better sanitary conditions. (Pis.

XXIII and XXIV.)
CHEESE MAKING.

Cheese making has been transferred bodily from the realm of domes-

tic arts to that of manufactures. Farm-made cheeses are hard to find

anywhere; they are used only locally, and make no impression upon

the markets. In the middle of the century about 100,000,000 pounds

of cheese was made yearly in the United States, and all of it in farm

dairies. At the close of the century the annual production of the

country will be about 300,000,000 pounds, and 9G ori)7per cent of this

will be made in factories. Of these establishments, there are nearly

3,000, but they vary greatly in capacity, and many are very small.

New York and Wisconsin each has a thousand. The former State

makes nearly twice as much cheese as the latter, and the two together

produce three-fourths of the entire output of the country. The other

cheese-making States, in the order of quantity produced, are Ohio,

Illinois, Michigan, and Pennsylvania; but these are all comparatively

unimportant. A change observed as taking place in the factory sys-

tem is that of bringing a number of factories previously independent

into a "combination " or under the same management. This tends to

improve the quality and secure greater uniformity in the product, and

often reduces cost of manufacture, all being decided advantages.

More than nine-tenths of all cheese made is of the familiar standard

variety, copied after the English Cheddar, but new kinds and imita-

tions of foreign varieties are increasing. The cheese made in the

country, with the small importations added, gives a yearly allowance

of less than 4- pounds to every person; but as 30,000,000 to 50,000,000

pounds are still annually exported, the per capita consumption of

cheese in the United States does not exceed 3£ pounds per annum.

This is a very low rate, much less than in most European countries.

BUTTER MAKING.

Great as the growth of the associated system of butter making has

been and fast as creameries have multiplied, especially in the newer

and growing agricultural States, such as Minnesota, Nebraska, Kan-

sas, South Dakota, and Washington, there is still much more butter

made on farms in the United States than in creameries. Creamery

butter controls all the large markets, the dairy products making com-

paratively little impression on the trade; but home consumption and

the supply of small customers and local markets make an immense

aggregate, being fully two-thirds of all. Estimating the annual
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Fig. 1.—Dairy Barn for 250 Cows in New Jersey.

Fig. 2.—Milkers ready for Work at large Dairy Farm in New Jersey.
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Fig. 1.—Cooling and Bottling Room on a Dairy Farm in Pennsylvania.

Fig. 2.—Bottling Room on a Dairy Farm in New York.
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butter product of the country at 1,400,000,000 pounds, not much over

400,000,000 of this is made in the 7,500 or 8,000 creameries now in

operation. Iowa is the greatest butter-producing State and the one

in which the greater proportion is made on the factory plan. This

State has 7s* 1 creameries, only two counties being without them; about

two-fifths are cooperative: In these creameries about 88,000,000 pounds

of butter arc yearly made from 024,000 cows. It is estimated that in

the same State 50,000,000 pounds of butter in addition are made in

farm dairies. The total butter product of this State is therefore one-

tenth of all made in the Union. Iowa sends over 80,000,000 pounds
of butter every year into other states. Now York is next in impor-

tance as a butter-making State, and then come, in order, Pennsylvania,

Illinois, Wisconsin, Minnesota, Ohio, and Kansas. Yet, all of these

combined make but little more than one-half of the annual butter crop

of the United States, and in no one of them except Iowa is half of the

butter produced made in creameries. The average quality of butter

in America has materially improved since the introduction of the

creamery system and the use of modern appliances, and the average

continues to improve. Nevertheless, a vast quantity of poor butter is

made—enough to make a large and profitable business in collecting it

at country stores at grease prices or a little better and rendering or

renovating it by patent processes. This renovated butter has been

fraudulently sold to a considerable extent as the true creamery article,

of which it is a fair imitation while fresh, and several States have
recently made laws to identify the product and prevent buyers from

being deceived. No butter is imported into this "country, and the

quantity exported is as yet insignificant, although there is beginning

to be a foreign demand for American butter. The home consumption

must accordingly be at the yearly rate of 20 pounds to the person, or

about 100 pounds annually to the family of average size. If approxi-

mately correct, this shows Americans to be the greatest butter-eating

people in the world.

The people of this country also consume millions of pounds every

year of butter substitutes and imitations, such as oleomargarine and

butterine. Most of this is believed to be butter by those who use it,

and the State dairy commissioners mentioned are largely occupied in

the execution of laws intended to protect consumers from these butter

frauds.
BY-PRODUCTS OF DAIRYING.

Within recent years there has been great development in the eco-

nomical uses of the by-products of dairying. Ten years ago there

were enormous quantities of skim milk and buttermilk from the

creameries and of whey from cheese factories, which were absolutely

wasted. At farm dairies these by-products are generally used to

advantage in feeding animals, but at the factories, especially at

the seasons of greatest milk supply, this most desirable method of

1 A 99 26
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utilization is largely impracticable. In many places new brandies

have lately been added to the industry, which make sugar of milk

and some other commercial products from whey, and utilize skim milk

in various ways. The albumen of the latter is extracted for use with

food products and in the arts. The casein is desiccated and prepared

as a baking supply and substitute for eggs, as the basis of an enamel

paint, as a substitute for glue in paper sizing, and it is also solidified

so as to make excellent buttons, combs, brush backs, handles, elec-

trical insulators, and similar articles.

NUMBER OF COWS AND QUANTITY AND VALUE OF DAIEY PRODUCTS.

The cows in the United States were not counted until 1840, but

have been since enumerated for every decennial census. It has

required from 23 to 27 cows to every 100 of the population to keep the

country supplied with milk, butter, and cheese, and provide for the

export of dairy products. The export trade has fluctuated much,

but has never exceeded the produce of 500,000 cows. With the clos-

ing years of the century it is estimated that there is one milch cow in

the United States for every four persons. This makes the total num-
ber of cows about 17,500,000. They are unevenly distributed over

the country, being largely concentrated in the great dairy States.

Thus, Iowa leads with 1,500,000 cows, followed by New York with

almost as many; then Illinois and Pennsylvania, with about 1,000,000

each. The States having over 500,000 each are Wisconsin, Ohio,

Kansas, Missouri, Minnesota, Nebraska, and Indiana. Texas is

credited with 700,000 cows, but very few of them are dairy animals.

In the Middle and Eastern States the milk product goes very largely

to the supply of the numerous large towns and cities. In the Cen-

tral West and Northwest butter is the principal dairy product. The
following table gives approximately an exhibit of the quantity and

value of the dairy products of the United States in the year 1899

:

Estimated number of cotes and quantity and value of dairy products.

Cows.



DEVELOPMENT OF THE NUTRITION INVESTIGATIONS
OF THE DEPARTMENT OF AGRICULTURE.

By A. C. True, Ph. D., Director, and R. D. Milner, Ph. B., Assistant in

Nutrition Investigations, Office of Experiment Stations.

INTRODUCTION.

The subject of food economy in all its details, always of vital inter-

est, has acquired increased importance in this country in recent years*

from the extensive investigations that have been made and are

still being prosecuted in connection with and as a part of the work of

the Depart meid of Agriculture and the agricultural experiment sta-

tions. There had been a considerable amount of investigation of the

food of man, as well as studies of the food of domestic animals, before

the (stations were established. Much of the early experimenting was
carried on in connection with physiological investigations or other

work connected with the study of medicine. Some of the investiga-

tions, however, are directly comparable with more recent work.

The first American investigation on the subject of human nutrition

which has been found by the authors was prosecuted by J. R. Young
in Philadelphia in 1803. It was entitled "Experimental inquiry into

the principles of nutrition and the digestive process." The author

studied the nutritive value and digestibility of such materials as

sugar, gum, beans, and wheat, making experiments with frogs and
other small animals. The article summarizes the ideas on human
nutrition held at that time.

With the rise of the experiment stations inquiries into the compo-
sition of feeding stuffs and their appropriate use in the nutrition

of domestic animals were undertaken, and have since been carried

on quite actively. Later some of the stations undertook similar

investigations of the food and nutrition of man. The science of the

nutrition of man has so much in common with that of nutrition of

animals that a distinction between the two is not easily made, and
naturally they have been studied together. These researches have

been carried on mainly in the physiological and chemical laboratories

of universities as well as of experiment stations. On the whole, for

the study of foods and the laws of nutrition, much more experimental

inquiry has been made with animals than with men, partly because

of the greater ease and convenience of experimenting with animals

and partly because of the especial activity of the experiment stations

403
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in this direction. The attention devoted to the special study of feed-

ing- stuffs for animals, up to the present time, is likewise greater than

that devoted to the special study of the food of man, leaving out of

account, of course, the subject of food adulteration, which comprises

a phase of the general investigations not discussed here.

The growth and development of this subject in the United States

has an interesting history. Beginnings were made by physicians and
other scientific investigators. Much of the work with which the nutri-

tion investigations of this Department are directly connected and out

of which the}7 grew was of this nature, and not a little was made pos-

sible only by the generosity of private individuals; then economic

institutions and Government scientific departments became interested,

and finally the results of the work proved so valuable and useful that

Congress made special appropriation for carrying on investigations in

nutrition in different places throughout the country.

SCOPE OF INVESTIGATIONS ON THE FOOD AND NUTRITION OF MAN.

Investigations on the food and nutrition of man include the study

of two branches of the subject, which, though quite intimately related

and both valuable, are nevertheless of importance in different ways.

One branch of the subject comprises a study of the chemical compo-
sition of different food materials, an investigation that is purely

analytical, but a necessary preliminary to the investigation in the

other branch of the subject, which comprises researches into the laws

of nutrition and the economic and sociological application of the sub-

ject. The former has to do with simply the chemistry of food, while

the latter has to do with the physiology—the physics and chemistry

—

of the nutrition of man, together with its economic and sociological

application to people of different classes in different places and under
different conditions.

From the first many investigations have been made which studied

food incidentally in connection with some special problem—for

instance, the effect of some drug. Mention should be made in this

connection of the experiments of Professor Chittenden, of Yale TJni-

versit}7
, on this and similar lines. This work is still carried on; the

earliest results were published, however, some twenty years ago.

Some very interesting experiments have been made by earlier

American investigators on the effect of muscular exertion on the pro-

duction of urea. One of the most noteworthy investigations of this

nature was made by Dr. Flint in 1871 with the professional pedestrian

Weston. The earliest study of dietaries which the authors have
found was made by J. S. Gould, published in 1852, entitled "Report
on the food and diet suited for almshouses, prisons, and hospitals."

These are only a few of the investigations which might be cited.

A considerable part of the early work in the study of foods in this
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country was analytical, along the line of the chemical composition of

different food materials. A not inconsiderable amount of such work
was done between the years 1840 and 18G0, most of which, however,

is of interest to-day chiefly from a historical standpoint. The great-

est accuracy of the work done at that time was in the determination

of the elementary composition and the inorganic compounds of the

food products. A considerable number of analyses were carefully

made in an attempt to learn the proximate composition also; but

accurate and reliable methods of organic and analytical chemistry

had not yet been fully developed, so the results are comparable only

in a general way with those of analyses which have been made accord-

ing to the so-called " Weende " methods, which were devised and
came into general use about 1804-. Since that time it has been possi-

ble to carry on systematic investigations of food materials from the

Standpoint of their nutritive values as determined by their chemical

composition.

A considerable amount of investigation of materials used as food

by man has been for many years and is still being carried on by the

Division of Chemistry of the Department of Agriculture. Mr. Clif-

ford Richardson made a large number of analyses of specimens of

American (lour and the bread made from them, and of fresh vege-

tables and other materials. Prof. II. W. Wiley, the present chief of

the Division, ami his associates, have also made a great many analy-

ses of cereal grains and t heir products, canned foods, meats, and other

materials. A great deal of st udy of the composition of food materials

has heen made by Professor Wiley in the prosecution of his investi-

gations of adulteration of foods. A considerable number of anabyses

of foods, especially dairy [trod nets, sugars, fruits, and vegetables,

were made elsewhere in this country prior to the establishment of the

experiment stations. This work has been continued and materially

extended by the stations.

INCEPTION OF THE PRESENT COOPERATIVE INQUIRIES ON THE
NUTRITION OF MAN.

The particular inquiry on the nutrition of man, which has developed

into the cooperative inquiries now being prosecuted in different parts

of the country under the auspices of the Department of Agriculture,

had its inception in the study of the chemical composition and nutri-

tive economy of food fishes and invertebrates that was undertaken by
Prof. W. O. At water in 1877, in the chemical laboratory of Wesleyan
University, at the instance of Prof. S. F. Baird, Secretary of the

Smithsonian Institution and United States Commissioner of Fish and
Fisheries.

The investigations, begun then and continued until 1882, included

(1) chemical analyses of fishes and invertebrates; (2) experiments
upon the digestibility of fish; and, (3) studies of the chemical con-

stitution of the flesh of fish. In the course of these investigations
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there were studied some two hundred specimens of marine and
fresh-water fishes and invertebrates commonly used for food in

the United States. For the prosecution of this inquiry small sums
were appropriated from time to time, through the agency of Pro-

fessor Baird, to defray the expense for apparatus and labor of assist-

ants. Several citizens of Middletown, Conn., of New York, and of

other places, feeling personally interested in and recognizing the need
of just such work, contributed generously toward carrying out inves-

tigations much more elaborate and extensive than would have been
possible without such material assistance. Doubtless from the inter-

est of those individuals, manifested in such a manner, the work was
given at once an importance which otherwise it might have been long

in acquiring. The information regarding the food value of fish that

was obtained through these studies emphasized the need of similar

study of other food materials.

In 1884 Professor Atwater was asked to prepare plans for speci-

mens, labels, and other illustrative materials for the food collection

of the United States National Museum. In the development of these

plans it appeared very desirable to illustrate the fundamental princi-

ples of food economy, for which purpose there was need of consider-

able information concerning the chemical composition of some of the

more common food materials in use in this country. This informa-

tion was not then available, because no extensive investigations of

American food products had ever been made. To make such inves-

tigations was a large undertaking, and the necessity for doing so was
not popularly understood. A beginning was made, however, with the

hope that as the results of the work should appear and their value

should be realized the means for continuing the inquiry would be
found. By 1888 nearly one hundred specimens of food products,

mostly animal, but including some vegetable, had been analyzed in

the laboratory of Wesleyan University, the expense of the work
being met in part by the National Museum and in part by contribu-

tions from private sources. In 1888 the Storrs experiment station

was established and placed under the direction of Professor Atwater.

Provision was made for conducting its chemical investigations in the

Wesleyan University laboratory, and the analysis of animal and
vegetable food products was continued as part of its work, both as

independent inquiries and in connection with dietary studies and
other investigations, which will be mentioned later.

The World's Columbian Exposition, in 1893, afforded a most favor-

able opportunity for collecting specimens of food materials of par-

ticular interest in the United States. On behalf of the executive

committee on awards for that exposition, Prof. II. W. Wiley, of the

Department of Agriculture, undertook the investigation and analysis

of a large number of specimens of cereal grains and milling products

from them, sugars, and other products. These investigations were
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carried on at the exposition and were completed later in the labora-

tory at Washington City. On behalf of the same committee, Professor

At water undertook similar investigations of prepared foods, and espe-

cially animal foods. Over six hundred specimens of such foods were

collected for this investigation. The work was carried on so far as

possible at Chicago during the exposition. Afterwards it was trans-

ferred to Middletown, Conn., and was continued in the laboratory of

Wesleyan University as part of the work of the Storrs station. Analy-

of over live hundred specimens were completed by 1894. This

was the most extensive investigation of this character undertaken up
to that time in this country. In this work, as well as in other nutri-

tion investigations, Prof. C. D. Woods has been prominently asso-

ciated with Professor Atwater.

STUDY OF DIETARIES.

Meanwhile the investigations in nutrition had been begun along

another line, namely, the study of dietaries, in an attempt to learn

something concerning the character and quantity of food actualhy

- umed by people in different circumstances of life in different

localities. The first extensive work of this kind in this country car-

ried on by the methods followed at the present time was undertaken
by Hon. Carroll ]>. Wright, in 1886, while chief of the Massachusetts

bureau of statistics of labor. For the purpose of supplying, in some
measure, information necessary to enable the workingman to regu-

late more intelligently his expenditures for food and to secure with a

given expenditure the maximum amount of nut ril ive ingredients, the

bureau collected a number of schedules of dietaries, giving quanti-

ties and cost of food used by working people in different cities in

Massachusetts and also in some localities in Canada, from which
s ime of the working people had come. The data thus collected were
submitted to Professor Atwater, under whose supervision the quanti-
ties of nutritive ingredients in the food purchased were estimated.

The statistics of quantities of food purchased were compiled from
original accounts with tradesmen. No analysis of foods was made in

these studies. The amounts of ingredients contained in the food
were estimated upon the basis of the results of analyses of similar

foods already made. So far as possible, American analyses were used

;

for the materials of which no analyses had been made in this coun-
try, however, the results of European analyses were employed.
The results of these studies were only approximately correct. In

order to secure more reliable data, which might be useful in estimat-

ing dietary standards and in more accurate inquiry in food economy,
similar studies were carried on at Middletown, Conn. , under the direc-

tion of Professor Atwater. In these studies the errors in collecting

data observed in the preceding studies were eliminated so far as pos-
sible, and analyses of many of the foods used were actually made.
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The classes of people studied included not only laborers' families, but
also students' boarding clubs and well-to-do persons. The results of

these studies, together with those of the former studies, seemed to

warrant generalizations of considerable interest, and particularly to

indicate the directions in which further inquiry was needed. The
work thus done represented the beginning of an investigation of an
important subject. In 1800 the Storrs experiment station, in cooper-

ation with the United States Department of Labor, which had been
established with Hon. Carroll D. Wright as Commissioner, under-

took a series of accurate dietary studies, which were continued for

several j^ears. Ity January, 1895, twenty-one such studies of the actual

food consumption of families of mechanics and professional men had
been made and reported by the station: Similar investigations have
since been carried, on elsewhere, especially under the auspices of the

Department of Agriculture, as explained in a later paragraph, so

that at the present time the results of about three hundred such

studies are recorded, while the wbrk is still going on.

STUDY OF THE DIGESTIBILITY OF DIFFERENT FOOD MATERIALS.

The value of different foods for nutriment depends not only upon
the kinds- and amounts of nutritive ingredients which the}7 contain,

as determined by chemical analysis, and upon the quantities in which
they are used in the dietaries of different people, but it depends also

upon the proportions of the different nutrients which can be digested

from the foods bj" persons under normal conditions as to variety and
amounts of food consumed, habits of living, and general health. For

this reason one very important part of the investigations in food and
nutrition of man has been the study of the digestibility of different

food materials, with particular reference to the proportions of nutri-

ents that may be digested from them. This study has been made by
actual experiments with men in which the coefficients of digestibility

of food materials were determined from the amounts of nutrients in

the food eaten and in the feces excreted.

Previous to the spread of investigations in nutrition in this country

very little research had been made along this line. Even in Europe,

where the study of nutrition had been carried on for many years, the

number of digestion experiments with men was not large. In connec-

tion with the nutrition investigations which are being carried out b}^

the Department of Agriculture in cooperation with experiment sta-

tions and other institutions more than one hundred and fifty digestion

experiments have already been made, and at the present time some

series of elaborate experiments are still in progress.

STUDY OF THE FUNCTIONS OF FOOD IN THE BODY.

One important function of food is to furnish energy to the body.

For a thorough study of the laws of nutrition, therefore, and of the
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uses and nutritive values of food, there must be a means of determin-

ing the amounts of energy potential in the food consumed and in the

products formed from t lie food by the body. Since different forms of

energy may be transformed into heat, the energy of a substance may
be expressed in terms of heat, and therefore the potential energy of a

substance may be measured by the heat developed when the substance

is burned in oxygen. A method is employed whereby the amount of

heal thus developed by food materials is determined. The result

obtained in this way is called the "heat of combustion" of the mate-

rial burned. The apparatus used for this purpose is called acalorim-

eter, various forms of which have been devised. The early work done
by the Storrs station along this line was by use of a Stohmann calo-

rimeter, a modification of that of Thompson. This apparatus proved

unsatisfactory, and the atteinpl was made to secure a better one.

The bomb calorimeter devised by Berthelol was superior, but was

very costly, because of the large amount of platinum used in its con-

struction. With the aid of Professor Hempel, of Dresden, Professor

Al water and his associates succeeded in modifying the Bert helot appa-

ratus, especially with regard to the amount of platinum used, so that

a very accurate and satisfactory calorimeter has been obtained at a

much lower cost. Mr. ( >. S. Blakeslee, mechanician of Wesleyan
University, devised and elaborated considerable accessory apparatus,

which has contributed largely to the success of the calorimeter. By
the use of this apparatus the heals of combustion of a large number
of different food materials have been determined.

In the study of nutrition of both man and domestic animals at the

present time, considerable attention is paid to the fuel value of foods,

that is, to their actual value 1o the body as sources of energy. This

net value is taken as the heat of combustion of the total food con-

sumed, minus the sum of the heats of combustion of the unoxidized

material in the feces and in the urine. The values thus determined

are used in the calculation of dietary standards, which serve to indi-

cate in a general way the proportions of the nutritive ingredients of

food that are appropriate for people in different conditions.

Studies of some of the more fundamental laws of animal nutrition

have been carried on for the purpose of determining what uses the

body makes of its food under different conditions. Special inquiries

of this nature were begun by Professor Atwater and associates in

1892 by means of an apparatus known as a respiration calorimeter, so

arranged that a man may spend a number of days in comparative

comfort within it, and so manipulated that the metabolism of both

matter and energy in his body may be determined. In devising and
perfecting the apparatus and in carrying out the investigations with

relation to the measurements of heat and mechanical work, Professor

Atwater was assisted by Dr. E. B. Rosa professor of physics in Wes-
leyan University. Dr. F. G. Benedict, instructor in chemistry, and
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Mr. O. S. Blakeslee were also important contributors to the develop-

ment of the apparatus, and Dr. Benedict has had a very important
part in the experiments made with it. Several years were spent in

the development of this apparatus and the elaboration of methods of

experimenting with it. By the winter of 1895-96 the apparatus was
considered accurate enough to justify its use in experiments with

men, and several experiments were made in which determinations of

the metabolism of matter were made with considerable accuracy. The
determinations of the metabolism of energy, however, were not con-

sidered sufficiently accurate. As experience in the use of the calori-

meter was gained several improvements in the apparatus and in

methods of manipulation were made, until the results finally obtained

were as accurate as those secured in investigations on a much smaller

scale, in which ordinary laboratory methods are followed. Later
experiments are furnishing definite, accurate information concerning

the action of the fundamental laws of the conservation of matter and
of energy in the living organism. The results already attained show
remarkable agreement in income and outgo of both matter and energy
in the bodies of men at work and at rest, with different kinds and
amounts of food, thus giving very exact indication of the ways in

which food performs its functions in the body. These results are

exceedingly valuable from the standpoint of both pure science and
practical utility.

NUTRITION INVESTIGATIONS UNDER THE DEPARTMENT OF AGRICUL-
TURE.

The greater part of the investigations in the food and nutrition of

man above referred to as carried on previous to 1894 were made by
the aid of contributions from private individuals, 1 though funds were
supplied by the Storrs experiment station, and more especially by the

Smithsonian Institution and the United States Fish Commission,
through Prof. S. F. Baird, and by the United States Department of

Labor, through Commissioner Carroll D. Wright.

As early as 1890 the results of the nutrition investigations already

made had aroused so much public interest that steps were taken to

induce Congress to appropriate funds for carrying on the work. Noth-
ing definite was accomplished there, however, until 1894. In that year

the act of Congress providing appropriations for the experiment sta-

tions and authorizing the inquiries which they were to conduct was
changed so as to include the study of the food of man. The experi-

ment stations were called upon to report progress in the work to the

Secretary of Agriculture. At the same time Congress provided a

special appropriation of $10,000 " to enable the Secretary of Agriculture

'Among the contributors maybe mentioned Hon. J. W. Alsop, M. D., I. E.

Palmer, and A. It. Crittenden, of Middletown, Conn., and Messrs. F. B. Thnrber
and E. G-. Blackford, of New York.
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to investigate and report upon the nutritive value of the various

articles and commodities used for human food." The prosecution

of this inquiry was assigned to the Office of Experiment Stations,

and Professor Atwater was appointed special agent in charge of the

nutrition investigations. In the following year the appropriation

was increased to $15,000, which amount has been provided annually

since then. The State of Connecticut, by act of legislature of 1805,

also makes an annual appropriation of $1,800 to Storrs experiment

station, the larger part of which is to be expended in the study of

nutrition.

THE PRESENT COOPERATIVE NUTRITION INVESTIGATIONS.

The work in charge of the Office of Experiment Stations is carried

out largely in cooperation with scientific and educational institutions

and philanthropic organizations in different parts of the country.*

Extended series of investigations have been prosecuted in Maine,

Connecticut, New York, New Jersey, Pennsylvania, Virginia, Ten-

nessee, Alabama, Missouri, Indiana, Illinois, Minnesota, North Dakota,

California, and New Mexico. The Department of Agriculture has

cooperated in New York City with the Association for the Improve-

ment of the Condition of the Door and the Industrial Christian Alli-

ance in studying the food and nutrition of the people of the congested

districts. Similar work has been done with Hull House in Chicago.

The Polytechnic Institute and the Tuskegee Institute in Alabama and

the Hampton Inst it ate in Virginia have made investigations in their

regions, particularly among the negroes in the Black Belt of the

South. In other localities experiment stations, colleges, and universi-

ties make investigations among people of various classes and condi-

tions of life, including not only dietary studies but also other phases

of the subject of the nutrition of man.

The method of cooperation adopted in the prosecution of these

studies has some very decided advantages, particularly in the fact

that so many different institutions, representing the varied interests

of people in widely separate regions, unite in a study of prevalent

conditions and an effort for improvement. Besides this, the funds

provided from the Department of Agriculture are used economically

and are often supplemented by means from other sources. B}T this

extensive cooperation of individuals and institutions with the Depart-

ment, under very favorable conditions, a large amount of valuable

work is being done systematically, the results of which are ma.de

available to the public. In the judgment of competent experts, it is

more thorough in its scientific methods, more extended in the scope

and amount of investigation, and more useful in the distribution and
practical application of its results than any other inquiry of the kind

ever undertaken in this country or in Europe.

The more important topics that have thus far received special atten-

tion are the composition of food materials; the kinds and amounts of
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food consumed by individuals, families, boarding houses, and institu-

tions; the digestibility of food materials, and the fundamental laws

of nutrition. A variety of collateral questions have also received

much attention. The results of these investigations are given in

bulletins both of a popular and technical character, which are issued

through the Office of Experiment Stations. The results of anatyses

of food materials made in the United States have been compiled

and printed in a bulletin for popular use. In a revision of this

bulletin, issued during the past year, the compilation was based upon
over four thousand analyses, the larger portion of which were made
in connection with the nutrition investigations. The results and dis-

cussion of dietary studies also appear in bulletins prepared for pop-

ular use. The results of digestion experiments and metabolism

investigations with the calorimeter are given in bulletins which are

more or less technical in character, intended rather for the scientific

student of the subject.

FEATURES OF THE NUTRITION INVESTIGATIONS.

From the scientific standpoint, the most noteworthy feature of these

inquiries is found in the researches with the Atwater-Rosa respiration

calorimeter, by means of which the study of the application of the

laws of conservation of matter and of energy in the human body are

being carried out with a completeness not previously attained. Indi-

cations of the value of this apparatus and method of inquiry are

apparent in the fact that an apparatus on the same general plan, but

large enough for experiments with domestic animals, is already in

process of construction at the experiment station of the State College

of Pennsylvania, under the direction of Prof. H. P. Armsby, and in

cooperation with the Bureau of Animal Industry of the Department

of Agriculture. The Prussian Government has provided means for

the construction of a similar apparatus for the Institute of Animal
Physiology at Bonn, under Professor Hagemann. An appropriation

under Government authorization has also been made for the construc-

tion of a like apparatus in connection with the Institute of Animal
Physiology at Budapest, under Professor Tangl.

From the practical standpoint, the information gathered in the

nutrition investigations is already being utilized, and the interest of

economists, educators, and housekeepers in the results is constantly

increasing. The results are being utilized in the determination of

rations for the Army and Navy of the United States. Public institu-

tions, in which dietaries are made up for a considerable number of

persons, are likewise taking advantage of them. The New York State

Commission in Lunacy, which has charge of all the public insane hos-

pitals of that State, has employed Professor Atwatcr as a consulting

expert on nutrition, and special studies of dietaries for these insti-

tutions are being conducted under his direction with a view to the



DEVELOPMENT OF NUTRITION INVESTIGATIONS. 413

improvement of the dietaries for the insane patients as regards both

quality and economy. The usefulness of this work is by no means
confined to the United States, but is extending to other countries as

well.

INTEREST OF SCHOOLS AND OTHER INSTITUTIONS IN NUTRITION
INVESTIGATIONS.

One especially encouraging feature is found in the interest in the

subject that is being continually manifested bjr progressive educators.

There is much reason to hope that gradually the results of these

inquiries will find place in regular public school instruction, and thus

become a part of the common knowledge of the community.
In the last report of the Bureau of Education it was stated that 146

cities in the country have introduced into the curricula of the public

schools some form of manual training, many other cities contemplate

it, and it will doubtless soon be a part of our school system. The
form of this training at present offered to girls is in the main cook-

ing, but there is a growing feeling among educators that it is the

science of nutrition and plain facts about food in its relation to

healthful living that should be taught.

Schools of domestic science and schools of cookery each year pay
more attention to the scientific side of nutrition, and in a number of

instances have undertaken investigations of considerable practical

importance as well as scientific value.

A number of schools and colleges have taken up the study of diet-

aries with a view to improving the diet of their students or making it

more rational. The same is true of charitable institutions, hospitals

for the insane, prisons, and other institutions where a large number
of people must be fed. In such institutions it is, of course, desirable

to make the diet sufficient in amount and suited to the needs of the

persons consuming it. It is obvious that a small saving per capita is

a matter of considerable importance in the aggregate. In several

instances a study of the kind and amount of food consumed has
shown that such a saving was possible while at the same time the diet

was materially improved.

An examination of the files of medical journals and scientific

periodicals published in this country shows that the earlier volumes
contained few articles on investigations of nutrition, the chemistry of

food, and similar topics; whereas the total number of such articles

published in similar journals within the last few years is quite large.

Requests for bulletins and information received by the Department
of Agriculture from schools, clubs, and individuals show that the

interest In nutrition investigations is not confined to any one region

or to persons following any special line of work, but that it is general

and widespread. Offers of cooperation in food investigations are

frequently made by universities, schools, and individual workers, and
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ii would be quite possible to extend the work and very materially

increase the total output of American investigations on this line,

provided more funds were available for the purpose.

REACTION OF DEPARTMENT OF AGRICULTURE NUTRITION INVESTIGA-

TIONS UPON SCIENTIFIC RESEARCH.

The reaction of this inquiry upon scientific research and the scien-

tific spirit in institutions where investigations are being carried on

deserves special mention. It has been the policy of the Department
of Agriculture to encourage inquiry by investigators and organiza-

tions, and in institutions whose own resources in the form of money
and of labor can be devoted to the purpose, the funds supplied by the

Department being regarded as supplementary. In this way the

appropriation by Congress becomes to a considerable extent a fund
for aid of scientific research. Two important advantages are evident

in such a policy. On the one hand, the amount and value of the

product, and consequently the direct benefit to the community, are

very much larger than could otherwise be obtained from like expendi-

ture of public funds. On the other hand, the aid thus given by the

Government to research in different parts of the country is a very

important stimulus, encouraging professors of institutions to under-

take and trustees to support inquiries which without such aid would
not be undertaken, and enabling gifted and aspiring students to enter

fields of original inquiry such as will be useful to both themselves

and the public as well as to the cause of science in general.



THE PRACTICE OF FORESTRY BY PRIYATE OWNERS.

By Henry S. Graves,

Superintendent of Working Plans of the Division of Forestry.

INTRODUCTION. «

The general movement in the United States in favor of conserva-

tive forestry began about twenty-five to thirty years ago. During

this time, through the medium of newspapers and magazines, Gov-

ernment and State publications, and scientific and other associations,

the importance of a strong federal and Stat*' forest policy has been

emphasized, and private owners have been urged to adopt careful

methods of handling their woodlands. Some of the results of this

agitation are well known, such as the withdrawal from sale of about

>0,000 acres of public land to be held as federal forest reserva-

tions, the establishment of State reservations in New York and Penn-

sylvania, the institution of a system of lire patrol in Maine, New York,

NewHampshire, Minnesota,Wisconsin, and Pennsylvania, the appoint-

ment of forest commissioners or similar officers in Maine, New Hamp-
shire, New York, Pennsylvania, Minnesota, Wisconsin, and Kansas,

the organization of two forest, schools in the East and two in the

West, as well as the establishment of courses of lectures on forestry

in many agricultural colleges, and the creation of a lively interest in

the subject throughout the country. What effect the efforts of the

advocates of forestry have had on the handling of private woodlands

is, however, not known to the general public, many believing that,

with the exception of a few conspicuous examples, real forestry has

not been practiced at all. As a matter of fact, a large amount of

work has been done along the lines of conservative forest manage-

ment, although it has not been known under the name of forestry.

It is nevertheless a fact that wherever land is managed with the

intention that it shall yield repeated crops of timber, and is so treated

that the producing power is maintained at a high point, there true

-try is practiced.

.V large number of owners in nearly every State have carried on

work which comes entirely within this definition of true forestry, bur

their holdings are for the most part comparatively small. The
majority of the large owners, the lumber companies, have not cut

their forests with reference to the future production of timber, except

in some of the spruce sections of the Northeast. Throughout the

far West, and in many parts of the East, the danger from fire is so

415
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great that most owners nave not aared to leave money invested in

the forest in the form of small growing trees which otherwise might

be utilized with present profit. In other sections, notably the Lake

States, the taxes are so high that many owners could not afford to hold

the land for future crops of timber, even if there were no danger from

tire. In such localities it has been the object of lumbermen to remove

the timber as soon as possible, with no intention of ever cutting over

the land a second time. This system of lumbering, together with the

great destruction of the forests by fire, has given the impression that

thero is no careful forestry in this county at all, and the work of the

many small owners and of the few large owners who have managed
their lands conservatively has been overlooked. It is the purpose of

this paper to review briefly the work already done by private owners

along the lines of forestry, much of which, though lacking system and

imperfect in methods and results, shows the intention of true forestry

and marks a great advance in the treatment of our forests.

In order to come in touch with private owners who have carried on
such forest work as has been described, the Division of Forestry

issued a circular letter of inquiry regarding the prevailing methods of

handling woodlands. Answers were received from about 2,000 persons

from forty-six States and Territories, nearly 1,000 of whom stated

that they had done some work which might be classed as forestry.

The material was so voluminous that only a general account of the

work can be given here, with special reference to the more instructive

examples.

EARLY EFFORTS OF PRIVATE OWNERS.

The earliest attempt at conservative forestry of which the writer

has record was made in Connecticut in 1730, when Jared Eliot, of

Guilford, in connection with Governor Bulkley and a Mr. Livingston,

of New York, started a small blast furnace at Old Salisbury. The

wood used in making the charcoal needed in the furnace was cut from

the neighboring woodlands, and instead of clearing the forests, as was

usually done, a careful system of thinning was adopted. Only the

large trees were cut, while the small specimens were left standing to

shade the ground and to grow to a larger size. Tradition states that

under this system the owners returned for successive crops every

twenty years, and it is reported that timber is still being cut period-

ically from this same land. A similar system of careful cutting is said

to have been used by a large number of farmers in New England

early in this century, and the practice was without doubt inaugurated

very soon after the country became thickly settled. Some farmers

went further than simply to select with care the trees which they

wished to use or sell, and made thinnings with the sole view to improve

the remaining trees. Thus, it appears that in 1810 B. F. Cutter intro-

duced on his land in Pelham, N. II. , a system of improvement cut-

tings. It seems that an abandoned field had sprung up to white pine
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and gray birch, and thai when the trees were about 20 years old

the birches began to be broken by the wind and to die. Wishing to

save the wood before it decayed, Mr. Cutter cut out all the birch,

leaving the pines untouched for twelve years longer. He then saw
that a considerable number of the latter were being crowded out and
were dying from lack of growing space and light, and accordingly he

thinned out all the weak and unlikely trees, leaving the strong, vig-

orous specimens for the final crop. His labor was repaid by the wood
winch he took out and the improvement of the remaining trees, which
grow more rapidly on account oi' the increased amount of light and
space.

The plantingof forest frees on waste lands was begun in Massachu-

setts at a very early date. It is said that between 1740 and 1750 an
experiment in planting trees for ship timber was made at Pembroke,
Mass. Tradition relates that the plantation was a complete success,

and that timber was cut from it about L810. Another early planta-

tion was made in Bristol County, .Mass., in 1790, where a farmer

Stocked a field with young oaks by sowing it with acorns. One of the

first experiments in planting of which there is record was made in

L819 at Chelmsford, Mass., where Rev. J. L. Russell transplanted a

Large number of pitch-pine seedlings from a field, which he wished to

cultivate, to a stretch of barren drift sand. He was much laughed at

by his neighbors, but to their astonishment the trees flourished, and
in twenty years he had a fine grove <>(* pines, 6 to8 inches in diameter.

Of still greater interest and value as an illustration is the plantation

of Zachariah Allen, at Smithfield, R. I., who planted about 4<> acres

of waste land in 1820 with chestnut, oak, hickory, and locust. The
seed was sown in plowed furrows on the smooth ground, and in rough

places was dropped in holes made by a hoe or a similar implement.
A careful account of all expenditures and receipts was kept, and at

the end of fifty-seven years the books showed a profit of 0. 92 per cent
on the capital invested. Similar plantations were doubtless made in

the early part of the century, but no definite record of them can be
obtained.

Plaining on a large scale was begun in eastern Massachusetts in

the present century as early as the forties. The best known of the

plantations are those of Richard Fay, at Lynn, who planted about 200

acres, in L846-1850, with oak, ash, maple, Norway spruce, Scotch
pine, and larch, and of Joseph S. Fay, at Woods Hole, whoa few years
later stocked about 125 acres with trees. On Cape Cod it has been
the custom of the farmers for many years to sow the seed of pitch pine
on waste lands. The method is to sow the seed with a machine or by
hand in plowed furrows about 4 feet apart. The cost is estimated to

average $3 to -s-3 per acre. While pitch pine is the tree most com-
monly planted, oak, ash, and other species have also been used. The
plantations in eastern Massachusetts are being investigated by the

1 a W 27
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Massachusetts Forestry Association, and records have already been
obtained of 10,000 acres of land artificially stocked with trees. (PL
XXV, figs. 1 and 2.)

CAREFUL THIXXIXG.

Iii many sections of the country planting by owners of small hold-

ings is very important and should be encouraged in every way possi-

ble, but the proper care of the existing woodlands is of much greater

importance. Man}* observing farmers have already studied this

problem and manage their wood lots with great intelligence. (PL

XXVI, fig. 1.) The extracts which follow were selected from a large

number of letters written by farmers in nearly every section of the

country and are given to illustrate the character of the work done.

A farmer in Rochester, Mass., writes as follows:

Ten years ago I began to cut all trees except white pine. I trim the trees as

high as a man can reach easily, namely, 6 to 8 feet, leaving all limbs on the ground.

I leave the outside trees, which are exposed to the sun, as a protection to the

trimmed trees. I thinned and pruned the trees when about 20 years old, leaving

about 200 per acre.

The following statement was received from a farmer at Wrentham,
Mass.

:

About thirty years ago I began to cut out the dead and unthrifty timber; also

cut inferior kinds to give more room to the better ones. Cut early in winter,

before deep snow interferes with the work of picking up and hauling. Never cut

at the edges of a wood lot, but leave thick growth to act as a wind-break. Do not

cut the same land each year, but only so often as dead wood or inferior growth
makes it worth going over with ax and team.

An owner in Granville, XT . V., writes that his grandfather began in

1850 the method of work shown in the following extract:

I go over each lot and select such trees as I consider to be ripe, including all of

any size with broken or dead tops. These trees I blaze or mark with an ax. I

then send men to cut these trees and instruct them to use care in felling not to

injure any young trees if they can avoid doing so. The tops I have worked up,

so as to leave the ground clear for the next growth.

This careful work is by no means, confined to the Northeast, but

letters were received from men in nearly every State to the effect that

a very large number of farmers endeavor to use conservative methods

in cutting their wood lots. Thus, one farmer writes from Tennessee:

1. We use all the timber that blows down.

2. We cut any that seems to be diseased or dying.

3. We take the crooked, knotty, scrubby trees.

4. If we need more wood when the above kinds are used, we cut the oldest trees

that seem to do the least growing.

A Virginia correspondent states:

For fuel I cut the old, dead, gnarled, crooked, and unshapel}' trees, leaving the

straight, vigorous?, and more valuable. When cutting for fence material, T take

only one or two here and there, thinning out to give others more room. Tops,

logs, brush, etc., are burned in winter and ashes spread among growing trees.
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Fig. 1 .—White-Pine Grove in which Thinning and Pruning

HAS TAKEN PLACE. PLYMOUTH, MASS.

Fig. 2.— Plantation of White Pine, Eighteen Years Old.

South Orleans, Barnstable County, Mass.
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Fig. I.—A Pitch-Pine Plantation, Established by Sowing.
East Brewster, Mass.

Fig. 2.—Land Cut Periodically for Sprouts, with Young Growth in the
Foreground. Barnstable County, Mass.
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A Michigan man writes that he marks all the trees he wishes to leave

standing and cuts the remainder, piling and burning the brush.

A California farmer writes as follows:

In the winter season, when time will admit from farm work, I cut out all the

poorest growth, leaving only thrifty trees, about 200 to the acre. I draw all brush

to some clear ground and burn it. I burn all chips and trash and obtain a large

amount of ashes, which I ihrow around my apple trees.

CAREFUL CUTTING <>F SPROUT LAND.

It is well known that most hard woods send up sprouts from the

.-.lump, especially if the trees are cut before the sap begins to run in

the spring. (PI. XXVI, fig. 2.) Many farmers take advantage of

this fact, and cut their woodlands clear, and then wait fifteen to thirty

years for a second crop of sprouts. It is common to hear this practice

vigorously condemned, but as a matter of fact, it is one of the estab-

lished systems of forestry used in Europe as well as in this country.

For the production of firewood it has many advantages; and if the

cutting is done carefully, the growth will frequently amount to not less

than 1 cord per acre per annum. Thus, Xew England farmers calcu-

late that about twenty-live years are required for cleared sprout land

to produce 25 cords of wood per acre. This system has been in prac-

tice since the early settlement of the country, and in many places old

oak stumps may be seen from which repeated crops of sprouts have

been cut and which have become, under the treatment, gnarled, mis-

shapen, and covered with irregular knobs. As a rule, no precautions

are used to assist in the prolongation of the life of the stumps, but the

correspondence of the Division of Forestry shows that a considerable

number of men have taken this point into consideration in cutting

their sprout lands. Thus, a New Jersey farmer writes that he cuts

his stumps slanting from the center like the roof of a house, taking

care not to injure the bark. In this way no rain water is allowed to

collect on the stump and thus hasten its decay. A number of corre-

spondents stated that they are accustomed to cut the stumps close to

the ground, so that independent roots will be formed and the wind

will not break off the sprouts, as would often be the case with high

stumps. Letters were received from many farmers stating that they

always cut the trees in winter, as the stumps are apu to lose their

sprouting power if cut during the growing season.

CONSERVATIVE LUMBERING.

The most extensive work in forestry by lumbermen has been done

in the spruce forests of Xew York and the Xew England States. The

pioneer of this movement was E. S, Coe, of Bangor, Me., who saw

very early that if only the large trees were cut and the small ones

left standing, the land could be cut over at repeated intervals. In

letting contracts, therefore, he restricted the cutting to 10, 12, or
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even sometimes to 1-i inches on the stump. As a result he cut over
certain tracts a second time and obtained as large a cut as at first,

using- the same diameter limit. A large number of owners have fol-

lowed his example and limited the cutting of spruce to a certain size,

but so far as the writer is informed the cuttings have not been regu-

lated in a systematic wa}-, except on the tracts belonging to Dr. W. S.

Webb and Hon. W. C. Whitney, in the Adirondack^, where the land
has been lumbered under a system devised by the Division of For-
estry. The usual method of the lumberman is to issue instructions

to the choppers not to cut trees under a certain diameter on the stump,
and later on the stumps in the woods or the butt logs on the landings

are measured in order to see that the regulation has been complied
with. On the two tracts just mentioned, however, not only is there a
diameter limit for the cutting, but all trees are marked which are to be
cut, and seed trees above the specified size are left when necessary.

The lumbering is strictly regulated according to the following rules,

and competent inspectors are employed to see that they are rigidly

carried out:

(1) No trees shall be cut which are not marked.

(2) All trees marked shall be cut.

(3) No trees shall be left lodged in the woods and none shall be

overlooked by the skidders or haulers.

(4) All merchantable logs which are as large as 6 inches in diame-

ter at the small end must be utilized.

(5) No stumps shall be cut more than inches higher than the

stump is wide.

(6) No spruce shall be used for bridges, corduroy, skids, slides, or

for any purpose except building camps, dams, or booms, unless it is

absolutely necessary on account of lack of other timber.

(7) All merchantable spruce used for skidways must be cut into

logs and hauled out.

(8) Contractors must not do any unnecessary damage to young
growth in lumbering; and if an3T is done, thejMnust discharge the men
who did it.

The International Paper Company has within a few j'ears adopted

a system of restricting the cutting of spruce on a part of its lands in

Maine, New Hampshire, Vermont, and New York. The method is to

cut no spruce under 12 inches in diameter on the stump. Fir, how-

ever, is cut clean in order to reproduce the ground to spruce. On
one tract of 120,000 acres, in New Hampshire, an inspector has been
emploj'ed to watch the lumbermen to see that they do not cut any
small spruce for lumbering purposes, except for camps, bridges, dams,

cribs, piers, and corduroy. On a considerable amount of land, how-

ever, this company cuts the spruce clear without regard to the future

production of timber.

An interesting method of forest work is that used in the southern
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part of New Hampshire, near Lake Winnepesaukee, where the lum-

bermen, in a number of cases, have left white pine trees for seeding

purposes. The trees are usually spreading, scrubby specimens, which

are of n<> great value, but which, nevertheless, would bring a small

price for box boards. The lumbermen calculate that about two to

the good seed trees of pine per acre, evenly distributed, usually

secure an excellent natural reproduction. It is the custom, therefore,

to leave standing not less than two or three spreading trees per acre.

Some of the lumbermen in Maine, in cutting second growth white

pine, leave standing all trees under 12 inches in diameter, and calcu-

late that they can return for a second crop in about twenty years.

In the Allegheny Mountains much of the lumbering does but little

damage to the forest. This is usually not due to a conscious inten-

tion on the pari of the lumbermen to protect the forest, but is because

only a limited class of timber can he sold. Thus, one man in "West

Virginia writes that he cuts only the white oak, poplar, and walnut,

leaving all trees under 23 inches in diameter, lie states t hat he takes

great care nol to injure the young growth; that he is now cutting

over a tract of L,200 acres I'm- the third time in twenty-six years, and

that he expects t<> remove his fourth crop in live years more.

A novel plan of forest work has been initialed by the owncrof about

4,000 acres at Kendalia. \V. Ya., who wishes to combine forestry with

stock grazing. He is thinning the entire tract, removing the dying,

overripe, or otherwise unlikely trees, and leaving all thrifty, sound
specimens of all species. He then clears the underbrush and sows

the ground to blue grass. The thinning is to be completed within a

year or two. and the work of clearing and sowing to grass will be done

gradually. It is the owner's intention to utilize the farm permanently

for stock and to hold the growing timber as an investment for the

future. The owner is making the experiment with the full under-

standing that the future value of his forest lies in the growth attained

by the small trees now standing, and that when these trees- are cut

there will be no provision for natural reproduction. The work was
begun in 1898, and 10 acres were treated in the way described in order

to ascertain the expense and to test the behavior of the grass. It

appears to be an entire success.

As illustrating the kind of forestry practiced by certain lumbermen
in the South, the following letter is of interest:

I have just commenced to cut off 700 acres near Ohatchee, Calhoun County, Ala.

I go over the land, cutting all the trees down to a diameter of 12 inches at the

stump, or 2 feet above the ground. I leave all the oak and pine (longleaf yellow

pine) and cut down all other growths clean, and leave the woods clean with the

exception of the timber I leave to grow larger. These small trees are then thick

enough, or as thick as they should be, to grow fast. I cut from this laud about
twenty lari.ee trees to the acre. This in log scale makes about 9,000 to 10,000 feet to

the acre. I burn this land off every year, some time when the sap is not up. or any
time between November and February. There are never enough leaves to make
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enough fire to hurt the timber by burning it once a year. I am very careful in

cutting this large timber to fall it so as not to inflict wounds on the trees to stay on
the ground, as this will leave defects in the timber when it is cut, say twenty years

from now. I do not leave small trees unless they have straight bodies, so when
they grow up they will be useful timber. Inside of five years I will begin to leave

sprouts that appear, so as to form another growth after this timber, now being left,

is ready to cut. I use this land after it is cleaned up for sheep and hog pasture.

The instances of conservative lumbering described in the preceding

pages are but examples of work which has been carried on by a large

number of lumbermen. The systems have been devised by the own-
ers themselves, and, while in man}' cases improvements could be
made, the work shows that much more has been done in the way of

forestry than is generally supposed.

FOREST MANAGEMENT UNDER SYSTEMATIC WORKING PLANS.

It has been said that forestry consists in managing woodlands with
the expectation of obtaining repeated crops of timber. Systematic

forest management requires, first, the determination of the amount of

timber that can be obtained at different periods, and, second, the man-
agement of the forest in accordance with a definite plan which shall

secure the greatest returns in the long run.

In most instances the conservative forest management hitherto prac-

ticed in this country has been without system, and the owners have
not known whether or not the methods used were successful in main-

taining the productive power of the land. The first large forest put
under systematic management with a definite Avorking plan was that

belonging to G. W. Vanderhilt, at Biltmore, 1ST. C. The work was
organized in 1891 by Gifford Pinehot, now the Forester of the Depart-

ment of Agriculture, on about 4,000 acres. Additional tracts, have
since been purchased to the extent of about 100,000 acres, and the whole

area has been brought under systematic treatment. An expert for-

ester is employed to superintend the work, and there is a corps of

trained rangers. A certain amount of mature poplar has been lum-

bered, and the S}Tstem of cutting employed has been very successful

in bringing about an excellent reproduction of that tree. Improve-

ment cuttings of various species, chiefly for cord wood, are made in

the portions of the tract nearest the market, and a certain amount of

planting is done every year. The tract is admirably protected from

fire, theft, and stock grazing, and a complete system of roads and trails

is being laid out.

A great deal of the work which is being done at Biltmoro would pot

be practical on many other large tracts (managed solely for profit) in

other sections or even in the same section of the country. The kind

of systematic forest management practical for lumbermen will be n

along the lines practiced on the Webb and Whitney tracts, in the

Adirondacks, already mentioned in the discussion of conservative

lumbering.
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During the past year a considerable amount of systematic forest

work has beeu organized on private tracts under advice from the

Division of Forestry. This has been the result of an offer made in

October, 1898, by the Secretary of Agriculture for the Division to give

advice and assistance to private owners in handling their woodlands.

Within a year after the offer was made applications were received

from owners in thirty-five States for assistance, the total area covered

by these applications being about 1,000,000 acres. The preparation

of working plans for these tracts and the supervision of their execution

is now one of tin 1 important brandies of the work of the Division of

Forestry.

FOREST FIRES.

The first condition necessary for successful forestry is an adequate
protection from fire. In sparsely settled countries, where there are

large unbroken stretches of forest, this is the first problem to be solved,

and until the danger is reduced to a minimum owners will not lumber
with reference to the future.

In farming countries, where the holdings are small and interspersed

with fields and roads, the fires can be successfully prevented by care-

ful watching. Hitherto the majority of owners of both large and
small tracts have relied chiefly on careful watching and, in case of a

tire, on extinguishing it before much damage is done. Further pre-

cautions are, however, now coming into use, such as clearing wood
roads, burning lire lines, piling and burning tops after cutting, etc.

Some of these measures are practical only on small woodlands, but
those who have tried them write enthusiastically of their success.

A farmer in Pennsylvania describes his method of protection as

follows:

I make tire lines 2 perches wide. Just before fall of leaf I cat brush to prevent

return of sap. In spring I sprinkle with water to limit the extremes of fire and
burn the space inside. Each year the growth is less and grass begins to grow.
The cost of cutting brush is $3 to $4 per acre.

An owner of a farm on one of the small islands off the coast of

Maine writes:

We cut two strips across narrow places and cleared all brush, so that the grass

would grow and, if necessary, incase of fire, the land could be plowed. The work
was started five years ago and the wood nearly paid expenses. This method was
adopted because of the danger of fire on the outer ends of the island, where fish-

ermen frequently camp, and we feel that in case of fire on a point we could fight

it and keep it from the best part of the island.

A Michigan farmer makes a practice of cutting roads through the

forest, harrowing and seeding them to grass, and then allowing stock

to graze on them. The S37stem wTas initiated in 1885, and in the judg-

ment of the owner the expenditure of about $100 per annum has been
a profitable investment.

The construction of fire lines around and through the wood lot is
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practiced by farmers in mar^ sections of the country. The custom is

especially common among Western farmers on the plains, who have

made artificial plantations. In the South the same system is used,

but farmers more often burn over the whole of their land every year.

The most disastrous fires occur on large tracts, where the construc-

tion of fire lines would in man}* cases be impracticable. The methods

used by lumbermen and other large owners to protect their property

are, therefore, of special interest. The most common method, where

any attempt at fire protection is made, is an organized fire patrol.

Thus, some companies operating logging roads have men follow every

train during the dry season to extinguish any fires that may be set by
the locomotives. Other companies have extra rangers during the dry

times who patrol the woods, watch campers, and in case of fires repair

to them at once.

This system is well illustrated bj* the following letter from a lum-

berman in Forest County, Pa.

:

In dry times we patrol especially exposed parts. In spring and autumn, dur-

ing dry weather, our woodsmen all have orders, no matter what they are doing,

whenever they see smoke arise, to go to it and put out the fire. It is usually done

by back-firing entirely around and watching it until we are sure the fire is out.

By this means we have kept serious fires from our timber when we are working.

It costs us a few hundred to a thousand dollars annually. Usually successful,

but not always. The outlay is profitable.

The most perfect system of fire protection in this country known to

the writer is that used by Dr. W. S. Webb on his tract of 40,000 acres

(Nehasane Park) in the Adirondacks. The park is divided into four

sections, each watched over by an experienced woodsman, who lives

at a point from which all parts of his section can be easily and quickly

reached. The houses of the rangers are connected by telephone, and

there is an admirable system of roads and trails. In case of fire in

the park, the superintendent and the rangers are notified by tele-

phone, and all available men are called out to extinguish it. In case

of a severe fire along the railroad which traverses the park, Dr. Webb
is notified by telegraph, and a locomotive is dispatched to draw the

"fire service" to the scene. This consists of a large tank placed on

a fiat car, to which is attached a box freight car containing a small

engine used to pump the water from the tank, and a complete outfit

of hose, axes, and other tools used in fighting fires.

A lumberman owning 2,000 acres in Huntingdon County, Pa.,

describes his method of fire protection as follows:

I divide into lots say 200 acres, cut roads through, and rake all rubbish and

burn it before the season gets too dry. This makes good fire-breaks. When very

dry I put a watchman on for every 200 acres. The first year's cost was $100: that

of succeeding years §00.

The owner pronounces the above method entirely successful, and is

confident that the outlay has been profitable.
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Fig. 1 —A Plantation of Pitch Pine, about Fifty Years Old. South Orleans,
Barnstable County, Mass.

Fig. 2.—A Grove of White Oak Established by Dropping the Acorns in Holes
made with a Cane. East Greenwich, R. I.
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A Pennsylvania lumber company writes:

In dry times we have men watch exposed places: also have 100-barrel tank on a

car, with 000 feet of 2i-inch hose. Two streams can be thrown from this tank, as

there is a powerful pump attached with two connections for hose. In 1898 we
expended §900 fighting fire before we rigged up the tank. This year, with more
fires, ihe expense has not exceeded 8100, and we have been able to control every

fire. Not over 10 acres have been burned over this season as against 200 last year.

A Michigan man writes that he burns the tops of the felled trees in

wet weather after he lias finished logging, and states that the meas-

ure has been successful in protecting his timber land. He also says

thai after an experience of twelve years he considers the outlay a good

invesl ment.

One owner of 30,000 acres in Clark County, Wis., has for six years

made a practice of clearing up and burning the tops after lumbering,

and considers it a practical and profitable undertaking. •

In the pine bell el' the Atlantic coast it has long been the custom

for many owners to let a light tire run through the forest annually, or

once in several years. The tire is set in winter or early spring-

, when
the ground is damp and it can be kepi under control. The measure
is \ cry successful in protect ing t he standing t inilier, but in many cases

it destroys the \onng seedlings, and the ultimate effect on the forest,

is injurious. The method of burning used in the turpentine forests is

shown by the following letter from Louisiana:

We rake the dry straw (needles), grass, and chips from the base of the trees,

about 3 feet all around, and the woods are burnt within the time prescribed by
the Mississippi law, to lessen the growth of grass. The work was begun about

eight to ten years ago. and cost about $120 for 1,000 acres. The custom of raking

the ground at the base of the trees is considered as part of the turpentine busi-

ness. This method is adopted by nearly all turpentine producers. The raking is

done with ordinary garden rakes, and has been the means of preventing many
forest tires. The raking is commenced about one week before Christmas or earlier,

if the straw is done falling, and continues all through January.

The cost of raking and burning is estimated by the crop. About 10,000 boxes
constitute a crop, and the cost of raking and burning is about $12 per crop. I

work about 10 crops every year, and pay on an average S120 to have them raked
and burned properly: and the outlay, in my judgment) has proven both wise and
profital >le.

The custom of burning over the forest in winter or early spring is

also common among lumbermen and farmers in California and other

Western States.

FOREST PLANTING.

The great bulk of the forest planting has been done in the States

west of the Mississippi River. In the Eastern States, except in a few
instances, the planting has been on a very small scale and usually as

an experiment. Reference has already been made to the extensive

planting in eastern Massachusetts, where not less than 10,000 acres

have been artificially restocked with forest trees. (PL XXVII, fig. 1.)

Nowhere else in the country, so far as the writer is informed, has so

much planting been done on so limited an area. Record has been
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obtained of a large number of farmers who have planted from 1 to 10

acres, and there are a few instances of planting on a more ambitious

scale. The plantations described in the following pages are but a

few of many instances, but they show the kind of work which has

been done.

An interesting plantation is that belonging to Isaac Adams, at

Moultonboro, N. H., covering altogether about 50 acres, and composed
of white pine and Norway pine set out about twenty-five years ago.

The trees have grown admirably, and, so far as showing what planted

pine will produce, the experiment is very valuable. The cost of plant-

ing in the first place was, however, much more than it would be to-day.

The experiments of J. D. Lyman, near Exeter, N. H., who planted

several acres of waste land with pine, are of considerable value,

because he was able to show that the cost of stocking land with trees

can be reduced to about $3 to $5 per acre. His method was to sow
the seed in hills 4 feet apart and to put from three to five seeds in

each hill.

A very instructive plantation has been established by Mr. H. G. Rus-

sell, at East Greenwich, R. I., covering about 150 acres. (PI. XXVII,
fig. 2.) Like many American planters, he began with imported trees,

namely, Scotch pine, Austrian pine, and Norway spruce, but later

used native species. The work was begun in 1878, the intenti m being

to form a wind-break, and in addition to provide an object lesson in

forest planting.

The most extensive planting in Pennsylvania has been done by the

Girard estate, near Pottsville. About 250 acres were set aside in

1881 to be treated under the methods of forestry. This tract was

fenced and surrounded and crosscut by fire lines wherever there

existed no roads adapted for that purpose. The trees used were

white pine, Scotch pine, European larch, and white oak. The cost of

planting varied from $18 per acre for the pines to $75 for the oaks.

The planting of trees on the barren gravel at the edge of the reser-

voirs is of special value.

Another interesting experiment in planting in Pennsylvania lias

been undertaken by the Morrison and Cass Paper Company, at Tyrone.

About 2,000 Carolina poplars were planted in 1898, at an expense of

$534.50. About half the trees were 10 to 16 feet high and the remain-

der somewhat smaller. They were planted 12 feet apart in rocky,

worthless land.

The planting of trees along the banks of streams to prevent erosion

has been undertaken in a number of instances. Thus, in Arkansas a

correspondent states that he has planted red birch, native willows,

and soft maple for 2 miles along a stream to prevent the washing of

the banks. The plants were seedlings about 2 years old and were

taken from the woods. Similar work has been done at Mahwah, N. J.,

on the estate of Theodore Havemeyer.
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In Ohio tree planting was begun very early. In 1830 Ezra Sher-

man, of Preston, planted about 15 acres of loeusts, as well as an ave-

nue along the public highway for about 200 rods. In 1870, 180 trees

were cut down and 1,500 posts were obtained, netting 1525. A cer-

tain amount of planting on a small scale is now done by farmers in

Ohio, Indiana, and Illinois, but most of it is for the purpose of

forming wind-breaks.

In most sections east of the Mississippi the natural reproduction of

the forest is so abundant that planting has been little resorted to.

Thus, where the loblolly pine nourishes the abandoned fields are

often entirely seeded in a few years to young trees. So prolific is

this regeneration that it has long been the custom in certain sections

of the South to allow worn-out land to spring up to pine, and when
the trees arc 30 to 50 years old to clear and cultivate the land. Thus,
there is a regular rotation of field and forest crops.

Natural reproduction is very proline throughout the humid regions

of the country, and old fields, if not pastured or continually burned
over, eventually ret urn to forest. Planting is very desirable for small

owners, who, by the expenditure of a small amount of money or labor

each year, can gradually stock (lie waste portions of their farms, but
for Lumbermen and other large owners planting on an extensive seale

will, in the majority of eases, not be prolil able.

On the Western plains, where timber is scarce and has a high market
value, tree planting ;•< very important, and it is here that the great

bulk of the work has been done (PI. XXVIII). Extensive tree plant-

ing on the plains was begun about twenty-live to thirty years ago.

Several States, notably Iowa, Kansas, Wisconsin, Nebraska, Missouri,

Minnesota, Illinois, Nevada, and the Dakotas, passed laws about that

time encouraging, by bounty or exemption from taxation, the plant-

ing of forests. In 1873 the timber-culture act was passed by Congress
providing that a title could be obtained to 160 acres, or a propor-

tionate part thereof, by those who planted 40 acres or a proportionate
area. While the State laws had but little immediate result and the
timber-culture act was frequently a source of fraud, an impulse was
given to tree planting, and the great amount of work which has been
done must be traced largely to the effects of these legislative acts.

The correspondence of the Division of Forestry shows that a large

number of farmers have planted trees for wood lots or wind-breaks
in all the "Western States. The greatest amount of work seems, how-
ever, to have been done in Kansas, Nebraska, and Iowa. The esti-

mate given for the total planted area of Kansas in 1808 by the State

board of agriculture was 159,859 acres. The total planted area in the

other States has not been determined, but this question, as well as

the results of the experience obtained in tree planting, is under
investigation by the Department of Agriculture.

Tree planting on the Western plains was taken up not only by
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small private owners, but also by a number of the railroads. In 1870

the Kansas Pacific Railroad experimented with tree planting on a

small scale in Kansas, and in 1873 the Atchison, Topeka and Santa Fe
Railroad established four stations, planting- altogether about 70 acres.

The Northern Pacific Railroad established an experimental station of

40 acres at Casselton, N. Dak., and the Burlington and Missouri and

the St. Paul and Sioux City railroads in the early seventies planted

considerable stretches with trees to act as wind-breaks and snow-

breaks. A certain amount of experimental work was also done by
the St. Paul and Pacific Railroad. The most important plantation

made by railroads was that belonging to the Kansas City, Fort Scott

and Gulf Railroad at Farlington, Kans. The following interesting

letter with reference to the work has recently been received from the

firm that furnished the trees:

We furnished the trees for the Kansas City, Fort Scott and Gulf Railroad (now
the Kansas City, Fort Scott and Memphis Railroad) and for the president of the

above road. This plantation [railroad] is at Farlington, Kans., and the Hunne-
well plantation is 4 miles west of Farlington. At first the railroad bought the

trees and the section men planted them. Possibly 50,000 trees were so planted up
to 1878. We sold Mr. Nettleton, the general manager of the road, chestnuts, wal-

nuts, and wild black cherry (a total of 12,500), white ash, and European larch.

In 1878 we grew for them, under contract, 100,000 Catalpa speciosa and 25,000 black

walnuts. In 1879 we took the contract of planting the balance of the section,

they to furnish land for us to grow the seedlings on and to break the prairie sod

and cross plow it when rotted; we to then plant and take care of the trees until

they were from 4 to 6 feet high. They were planted 4 by 4 feet, 2,722 to the acre;

we to get 14 cents per tree when turned over. A large part—at least three-fourths

—

of the trees planted was Catalpa speciosa. Alarge number of Ailanthus glandulosa

were also planted. These two kinds of trees did well. The chestnut, larch, white

ash, and wild black cherry were an almost utter failure. Over 3,000.000 plants

were set out. In 1881, I believe, we sold the Iron Mountain Railroad 200,000

cat al pas.

In California the planting of eucalj ptus has proved very profitable

to a large number of farmers. The tree was introduced in 1856, and
as early as 1874 there were estimated to be about 1,000,000 specimens

of eucalyptus in California. No recent estimate of the acreage of

plantations has been made.

No mention has been made of the planting of sand dunes at Cape

Cod, Mass.; at the Golden Gate, San Francisco, and Casmalia, Cal.,

nor of the planting at various experiment stations throughout the

country. This is all work of great value, but it is not private for-

estry, and it has, therefore, not been considered in this paper.



GROWTH OF THE TOBACCO INDUSTRY.

By Milton Whitney, Chiefs and Marcus L. Floyd, Tobacco Expert,

Division of Soils.

TOBACCO GROWING PREVIOUS TO THE PRESENT CENTURY.

Tobacco was grown in this country long before the arrival of the

first settlers. It early attracted the attention of the colonists, and for

nearly two centuries was identified with their social, economic, and

political development, especially in Maryland and Virginia. In Mary-

land it was made legal tender in 1732 (at the rate of 1 penny per

pound) for all debts, including customs dues and the salaries of State

officers and ministers of the gospel. The yield of tobacco in that year

was 30,000 hogsheads for Maryland alone. As late as 1777 the tax

levied for Baltimore County and city was fixed at 172 pounds of

tobacco per poll.

THE INDUSTRY IX MARYLAND AND VIRGINIA.

At the beginning of the present century the dark export types of

Virginia and the light pipe-smoking tobacco of Maryland were the

only classes of tobacco grown in this country. It has been within the

present century that the cigar, the lemon-yellow cigarette, the mahog-

any manufacturing, the Hurley, and Perique types of tobacco have

been developed. Samples of Maryland and Virginia tobaccos are

shown in Pis. XXIX and XXX.
In 1812 the demand by foreign countries for colored tobaccos was

so great that artificial heat was employed in curing. In this way the

piebald, or spangled, tobacco of Virginia was developed. Until 1828

wood fires were the only artificial means known of curing tobacco.

About this time flues and charcoal fires began to be used. It was not

until 1865 that flue curing entirely superseded charcoal fires in the

production of the bright yellow varieties, now so popular and used as

cigarette, plug, and twist wrappers.

In 1825 the amount of tobacco produced in Maryland was about

15,000 hogsheads; in 184G it was 41,000 hogsheads, and in 18G0 it was

51,000 hogsheads, this being the largest yield ever produced in that

State. During the civil war the yield decreased, and in 1865 it was

only 25,000 hogsheads. In 1878 the yield again increased to 16,000

hogsheads, while in 1890 the lowest production of the State was
429
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recorded, 14,000 hogsheads. In 1892 the yield rose to 27,000 hogs-

heads. The Maryland tobacco is consumed principally in Holland,

France, and Germany.

EXTENSION OF THE INDUSTRY.

Although some tobacco was grown during the time of the early set-

tlements in Pennsylvania and New England, the first real extension

of the industry was westward, in Kentucky and Tennessee. In 17S5

tobacco production was of considerable importance in northern Ken-
tucky and the adjoining counties of Ohio, while in the central and
southern portions of Kentucky and Tennessee this industry came into

prominence about the year 1810. The tobacco produced here was the

dark, export type that has always prevailed in these localities. Up
to the year 1833 by far the largest part of the tobacco grown in these

two States was sent by the planters in boats to New Orleans for ship-

ment to foreign countries. In that year, however, warehouses were

established in Clarksville, Tenn., and soon others sprang up in Louis-

ville, Ky., and in the surrounding towns of these States.

The first crop of lemon-yellow tobacco was produced in 1852 on a

sandy ridge in Caswell County, N. C. (See PI. XXXI.) This tobacco

was received with such special favor that its cultivation spread rapidly

in Caswell County and also in Pittsylvania County, Va. During the

civil war there was almost an entire abandonment of its production,

but after the war attention was again called to this tobacco as being

very desirable for plug fillers and wrappers. As flue curing came into

general use about this time, a much superior article was produced.

The price rapidly rose with the increase in the demand, and the culti-

vation extended into other counties in North Carolina and Virginia

and spread into South Carolina and eastern Tennessee. In 187C there

were 43,000 acres planted in this tobacco, yielding 20,000,000 pounds;

in 1879 the acreage was 57,000, yielding 26,926,000 pounds. Since

that time this tobacco has continued to grow in popularity and the

increase in acreage still continues.

The manufacture of cigarettes began about 1S64, in which year

19,770,000 were made. These apparently did not take well, as in 1869

the number of cigarettes manufactured was only 1,750,000, but since

that time the annual output has steadily and rapidly increased.

In 1864 the White Burley tobacco was originated through a sport

from the Red Burley in Brown County, Ohio. This tobacco at once

found favor as coming midway between the light smoking varieties

of Maryland and the dark export types of Virginia, Kentucky, and

TVnnessee. On account of the absorbent powers of this leaf, it is par-

ticularly well adapted to plug fillers and plug and twist wrappers.

The finer types are used for cigarette cutters and wrappers, while the

light, flimsy, overripe bottom leaves are used for pipe smoking, The
cultivation of this tobacco rapidly extended over the limestone area



YearbooK U. S. Dept. ol Agriculture 1899. Plate XXIX.





Yearbook U. S. Dept. of Agriculture, 1899. Plate XXX.





Yearbook U. S Dept. of Agriculture, 1899. Plate XXXI.





GROWTH OF THE TOBACCO INDUSTRY. 431

of southern Ohio and the central and northern sections of Kentucky.
The cultivation of this tobacco is still confined to the limestone soil

of this area. Packages of White Barley tobacco are shown in PI.

XXXII.

CONNECTICUT TOBACCO AND THE CIGAR INDUSTRY.

Tobacco was grown in the New England colonies during the years

from 1640 to 1650, but from that time up to the early part of the pres-

ent century it was almost abandoned. In 1825 the industry had
been revived and developed to such an extent that the first warehouse
was established at Warehouse Point, Conn., where 3,200 pounds were
packed and shipped to New York. In 1840 tobacco became a general

crop, about 720,000 pounds being produced in the Connecticut Valley.

In 1842 the yield had increased to 2,000,000 pounds, and in 1845 to

50,000 pounds, at which time the cultivation was extended into the

Housatonic Valley. About 1833 the broad-leaf variety, having a silky,

delicate leaf with regular veins, nearly tasteless and of fine texture

and finish, was originated. (See PI. XXXIII.) Previous to 1845 the

price ranged from 7 to 4 cents per pound, but in 1847 it rose to 40

cents per pound.

During the first part of the present century the Connecticut tobacco

was recognized as being essentially different from the Virginia types,

and it began to be used in the manufacture of cigars. About l'0,000

pounds of toba< co were produced in the Connecticut Valley in Is"],

about which time the mailing of cigars was begun in a small way, the

iir-i factory being established in 1810. During the early development
of this industry cigars were peddled through the country in wagons.

It was about this time that the first importation of Cuban cigars of

any consequence was made.

The following shows the gradual increase in the number of cigars

manufactured in the United States from 1800 to 1892:

Number of cigars manufactured in the United States in i.

Number
I 199,000,000

1875 1.926,000,000

1885 ._. 3,338.000.000

1892 i, .j 1^, 000, 000

The first tax on cigars, chewing and smoking tobaccos, and snuff

was imposed by act of Congress of July 1, 1862, which took effect

September 1 of the same year. The first tax on cigarettes was imposed
in 1864. Licenses for dealers and manufacturers were not required

until 18G8.

INTRODUCTION OF TOBACCO IN VARIOUS STATES.

Pennsylvania.—The cultivation of tobacco in Pennsylvania began
in 1080, but little attention was paid to the industry until 1828, when
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it began to be of commercial importance. In 1840 Pennsylvania pro-

duced 325,000 pounds of- tobacco in York, Lancaster, and Dauphin
counties, the present tobacco centers of the State. In 1845, in conse-

quence of the Mexican war and the increased value of wheat, the

cultivation of tobacco declined; but it developed rapidly between 1840

and 1859. In 1859 the yield was over 3,000,000 pounds. There was
little increase in the yield until 1870; and in 1879, 36,900,000 pounds

were produced, at which time Pennsylvania ranked third among- the

tobacco-growing .States of the country.

Ohio.—Cigar tobacco was first grown in Ohio in 1838, seed having

been brought from Connecticut. In 1850 some 800,000 pounds of the

seed-leaf variety were produced. During the years 18G3, 1873, and

1880 the yield readied 1,200,000 pounds. The Little Dutch was intro-

duced into Ohio from seed imported from Germany about 1869. In

1879 the total yield of this variety was about 500 cases. The Zimmer
Spanish (PL XXXIV), a hybrid of the Cuban variety, was introduced

about 1878. The Little Dutch and Zimmer Spanish, especially the

latter, found great favor as cigar fillers. This largely increased the

production of these tobaccos, supplanting to a considerable extent the

seed-leaf variety.

New York.—The introduction of tobacco into New York State

occurred in the year 1845; in 1855 Onondaga County alone produced

500,000 pounds, and in 1863 the cultivation had greatly extended and

had readied considerable importance in several counties. From 1862 t o

1864 New York tobacco brought a good price, selling for as much as

30 cents per pound. Prom this time on the price has varied greatly,

ranging from 5 to 25 cents, and at times even to 30 cents per pound.

In 1879 the crop of the entire State was estimated at 6,480,000 pounds.

Wisconsin.—Tobacco was introduced into Wisconsin in 1850, when
1,260 pounds were produced; in 1860 the yield was 87,000 pounds; in

1870 it was 960,000 pounds, and in 1889 it was 19,123,000 pounds.

Florida.—Tobacco was introduced into Florida about the year 1829

;

ten years later this tobacco had taken a place of considerable impor-

tance as a cigar-wrapper leaf, being especially noted for its broad,

silky, beautifully spotted leaf. This is still remembered as the "Old

Florida speckled leaf," the cultivation of which was entirely aban-

doned at the outbreak of the civil war. About the year 1888 at tention

was again called to the possibility of producing a desirable cigar leaf

in Florida; but with the importation to this country of the Cuban
tobacco, which began in large quantity in I860, and of the Sumatra
four years later, the market had changed and the "Old Florida " was

no longer acceptable to the cigar trade. The Cuban and Sumatra
types have formed the basis of the present development of the tobacco

indust ry in Florida. (PL X X X V.)

Louisiana.—The culture of tobacco was begun in the Stab' of Louisi-

ana about the time of the settlement of New Orleans. In L752 the
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Government of France offered to purchase all of the tobacco raised in

that province at a price equivalent to 87 per hundred pounds. During

1793 and 17ii-l the production of tobacco was stimulated by the ravages

of insects on the indigo plant, which, previous to this time, had been

a staple crop. In 1802, 2,000 hogsheads of tobacco were exported from

New Orleans, and the culture had extended along the Mississippi River

as far north as Natchez. As this tobacco had no particular excellence,

it was soon supplanted by the Kentucky and Tennessee tobaccos,

which were of a much superior quality. In 182-1 the Aeadians intro-

duced a new method of curing, by which the tobacco was cured, under
intense pressure, in its own juice. This Perique tobacco, for such is

the name of the Louisiana variety, while very strong, has peculiar

properties which are acceptable to pipe and cigarette smokers, espe-

cially when mixed in small proportions with other tobacco. On
account of the long and laborious method of curing, the cultivation

has never extended beyond two or three parishes in southern Louisi-

ana; nor has it been placed upon a successful commercial basis, except

among tic Aeadians. The greatest yield of this tobacco in anyone
year has not exceeded 100^000 pounds, and, until recently, the average

yield was about 50,000 pounds. The price of the Perique tobacco had

been uniformly $] per pound, until the extension of the area under
cultivation within the last few years; since then the price has fallen

to about half that amount.

REQUIREMENTS OF THE FOREIGN TOBACCO TRADE.

THE IMPORTANT COUNTRIES FOB THE AMERICAN TRADE.

The most important countries for the American tobacco trade, in the

order of the quantity used, are Great Britain, Germany, Italy, Canada,

Spain, Austria, Switzerland, France. Belgium, Holland, Africa, Mex-
ico, Central America, South America, and the West Indies. Each
country differs in its requirements and also in the character of the

leaf used. As all of these countries are supplied from the same sec-

tion, and as the differences in the tobaccos to a casual observer are

slight, it requires considerable experience on the part of the packer

to assort the various tobaccos into the grades suitable for each country

and to put the goods in the condition required by the particular

country for which they are intended.

QUALITIES REQUIRED.

In the matter of quality Great Britain requires the best leaf and
pays the highest price; Austria comes next; while Italy, France, and
Spain follow in the order named. Great Britain demands a large

leaf, olive green in color and so heaviby smoked in curing that the

odor of hard wood is apparent in the leaf. (PL XXX, figs. 1 and 2.)

The green tint is secured by harvesting the leaf before it is fully ripe.

1 a 99 28
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A tobacco that gives promise of being suitable for the English mar-
ket is harvested at an earlier stage of ripeness than for any other

country. On account of the high import duty (about 87 cents per
pound) on tobacco imported into England, it is usuallystemmed before

leaving this countiy and packed very dry.

Austria takes two grades of leaf—the Austrian A (PI. XXX, fig. 3),

a large leaf, medium to light brown in color, of medium body, and
about 20 inches long; and Austrian B, a leaf of about the same quality,

22 inches long.

Italy takes four grades of tobacco. The Italian A is practically the

same as the Austrian A, except that preference is given to a dark-

brown color, and is used for the same purpose, that of cigar wrapper.

Italian B is the same as Italian A, only shorter; Italian CI is a dark,

short, heavy-bodied leaf, used for cutting purposes; while Italian C2
is a trashy lug. 1

France requires three grades. The French A is a leaf 20 inches

long, which, in Virginia, is made black by steaming and hard

pressure in the hogsheads while hot ; French B is the same grade as

French A, 18 inches long, while French C is a smooth lug, 16 inches

in length, used principally for snuff. Formerly the French Govern-

ment took the best heavy-bodied tobacco of Virginia, but since the

Regie contract system 2 has been introduced the quality of the leaf

used has gradually lowered.

Spain uses very little of the Virginia tobacco, requiring a leafy lug,

which can be obtained to a better advantage in Kentucky and Ten-

nessee. That country uses four grades, differing in length, cleanness,

and soundness of the leaf.

Africa takes a long, narrow leaf of heavy body, which is made very

black by steaming and packing under heavy pressure in the hogshead
while the tobacco is still warm. Oil is applied by means of a sponge

to each layer as it is packed. This same grade of tobacco is also

used in the Canary Islands and West Indies, and is packed in a

similar manner, except that the oil is omitted.

All dark export tobaccos are cured with open hard-wood fires, the

English trade demanding extra heavy smoking in curing. There is a

slight difference between the export tobacco of Virginia and that of

Kentucky and Tennessee. The Virginia tobacco, generally speaking,

is of better quality than the Kentucky and Tennessee grades, and
more of it is used for the domestic market. On account of the high

import duties of some of the foreign countries and the low prices

paid by the Regie Governments, the better qualities of these tobaccos

are used in this country for manufacturing purposes.

1 Lugs are the second pair of leaves from the bottom of the plant.
2 The term applied to the system under which in certain countries a tobacco

monopoly is maintained by Government and all purchases of leal' tobacco are made
by Government agents.
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The fanner assorts the tobacco roughly into lugs, good leaves, and

top leaves; but the final grading and treatment are given by the

packer, who also decides to which country the various qualities of

tobacco shall be sent. If the tobacco needs darkening, to meet the

demands of any particular trade, the desired shade is obtained through

various ways of manipulating and packing the tobacco.

BiANUFACTURING .VXD SMOKING TOBACCOS.

The light tobaccos produced in Maryland are air cured, while a

similar type grown in eastern Ohio is largely cured by wood fires.

These tobaccos are used exclusively for pipe smoking and cigarettes,

the following grades being made by the packers: Fine yellow, medium
bright, good ordinary "colory," fine red, fine seconds, medium sec-

onds, and lugs. Nearly all of these goods are exported, the best

markets being found in France, Germany, Holland, Austria, and

Belgium.

Almost the entire yield from Maryland and eastern Ohio is sold in

Baltimore, where live Large warehouses have been established for the

inspection of these goods by State officers. As soon as these tobaccos

are entered in the warehouse a sworn ami bonded inspector draws

four samples from each hogshead, taken from different places and at

equal distances apart, beginning near the bottom of the hogshead.

These four samples, or hands, are tied together, as shown in PI. XXIX,
and are sealed and labeled with the name of the owner, the number of

the hogshead, its nel and gross weight, and the name of the inspector.

The agents of foreign countries buy exclusively from these samples;

when the goods are shipped the samples are also forwarded, so that

the goods on reaching their destination can he compared with the

samples from which they were bought. If there should be more than

10 per cent of tobacco in the hogshead poorer than the sample, the

inspector, who is under bond, becomes liable for such difference.

The White Barley (PI. XXXII) is entirely air cured, except in

exceedingly damp weather, when wood tires may be used. This,

tobacco is assorted b)' the farmer into the following grades: Flyers,

the first two bottom leaves, which are overripe and very trashy;

common lugs, the next two leaves; good lugs; bright leaves; long

: short rod. and top leaves. This tobacco is packed in hogsheads

by the farmer and inspected in the same manner as the Maryland
tobacco, but, unlike the latter, it is sold at auction in the warehouse.

Xot more than 10 per cent of the White Burley is exported, but on

>unt of its great absorbent powers it is highly prized in this country

for twist and plug chewing tobaccos. The flyers are used for pipe

smoking, the heavy-bodied top leaves for plug and twist fillers, while

the best leaves are used for cigarette, plug and twist wrappers, and
for cutting purposes.



436 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

The bright }
rellow and mahogany tobaccos (PL XXXI) are cured

entirely by flues, a method which cures very quickly, not more than
four days being required in the process. As soon as the tobacco is

put into the barn the fire is started and is kept going night and day
until the tobacco is thoroughly cured to the desired color. This

tobacco, which is sold at auction in loose piles in the warehouse, is

largely consumed in this country, being used for plug and twist wrap-

pers, cigarettes, and finecut chewing and smoking tobaccos. The
broad scope of this type makes it exceedingly popular and the acre-

age is rapidly increasing. Recently this tobacco has come into favor

with foreign countries, Japan having lately placed a large order for

this grade.

DOMESTIC CIGAR TOBACCOS.

The cigar types are almost entirely consumed in this country, and,

in addition, large quantities of Cuban and Sumatra tobacco are

imported. Domestic cigars are made up of wrappers, binders, and
fillers, which come from different districts. The Connecticut Valley

produces two types of wrapper leaf, the broad leaf and Havana seed

leaf (PL XXXIII), both varieties being air cured, packed in cases

holding about 300 pounds, and left to ferment during the winter,

spring, and summer months. This tobacco is sampled and sold at

private sale, the packing usually being done by those who buy the

tobacco from the farmers.

The broad-leaf variety has a broad silky leaf, very elastic, about

two-thirds of the leaf from the tip possessing rich grain and color.

Small veins are also a characteristic of this leaf. There is only one

small area in the Connecticut Valley adapted to the production of

this type.

The leaf of the Havana seed is smaller than the broad leaf, much
narrower, and is exceedingly thin and silky, but possesses less elas-

ticity and covering quality. It does not possess the rich grain of the

broad leaf ; the middle and lower parts are glossy and have large

veins. This portion of the leaf is not desirable for wrapper purposes.

The heavier leaves and those slightly damaged or of uneven color

are used as binders. Badly torn leaves and the trash are not suitable

even for fillers, but are sold at a low price for export tobaccos. Both

the broad leaf and Havana seed are graded into light, medium, and
dark wrappers, and light and dark seconds, all grades being arranged

in four lengths. The Connecticut wrapper competes with the im-

ported Sumatra, being the nearest to it of any of the domestic tobac-

cos except that grown in Florida from the Sumatra seed.

The tobacco produced in Pennsylvania is characterized by a long,

broad leaf. It is air cured and packed in the same way as the Con-

necticut Valley tobacco. The Pennsylvania tobacco has a dark,

heavy-bodied leaf, unsuited for wrappers, but used mainly for fillers

and binders. Some good wrapper leaf is grown on the light alluvial
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soils near the rivers. As a filler leaf this tobacco compotes with the

Zimmer Spanish, Little Dutch, and Florida-grown Cuban, and it is

used mostly in the production of stogies, cheroots, and other low-priced

cigars. This tobacco is assorted by the packers into the following

grades: 18-inch, 20-inch, 22-inch, and 24-inch light and dark wrap-

pers and binders, the shorter sizes being graded as fillers, and called

Pennsylvania B's.

The New York tobacco comes between the Pennsylvania and Con-

necticut leaf, and contains a small percentage of desirable wrapper
leaf. It is graded and packed in a manner similar to that employed

in Connecticut.

Wisconsin produces only a binder leaf, which is frequently used

with the Connecticut wrapper and the Pennsylvania or Ohio tiller.

It is graded and packed like the Connecticut tobacco. «

Ohio produces mainly a filler crop of Zimmer Spanish and Little

Dutch varieties. The Zimmer Spanish is a small leaf, in appearance

closely resembling the imported Cuban tobacco. This tjrpe was orig-

inated about twenty years ago, since which time it has rapidly grown
in favor as a idler for domestic cigars, being considered by the trade

the best filler leaf grown in the United states. This tobacco is graded
more carefully than any other tobacco grown in Pais country, except

that grown in Florida. The Cuban method of fermentation is being

adopted by those who handle the Zimmer Spanish. The Little Dutch
is a close second in popularity to the Zimmer Spanish. It is manipu-
lated in the same manner, but the grading is not so closely or care-

fully made. The leaf is larger than the Zimmer Spanish, and departs

further in appearance from the imported Cuban. A small quantity

of seed leaf, known as Uebhard, is produced in Ohio as a wrapper

leaf, but as it is inferior to the Connecticut the acreage is rapidly

diminishing. The Florida-grown Cuban tobacco, which is just com-
ing into prominence, is regarded by some manufacturers as greatly

superior to the Zimmer Spanish, being nearer to the imported Havana
in appearance and quality and selling at a much higher price than

the Zimmer Spanish.

There are two types of tobacco grown in Flordia, one from seed

originally imported from the island of Cuba, the other from the island

of Sumatra. The Cuban seed has retained the characteristic size and
appearance after being planted for seven consecutive crops; but the

Sumatra seed, after two or three seasons, begins to assume the char-

acter of the Cuban plant. For this reason it is customary, in order

to xireserve the desired Sumatra characteristics, to save enough seed

from the first or second crop to last for eight or ten years and to plant

each succeeding crop during this period from this seed.

The Florida-grown Cuban tobacco is used especially for filler pur-

poses. Although good wrappers are sometimes obtained, which closely

resemble the best imported Cuban wrappers, there is a prejudice
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against these, owing to the fact that they have considerable body, thus
requiring more pounds to wrap a thousand cigars. In point of use-

fulness and appearance these wrappers do not compare favorably

with the Sumatra type.

The Forida-grown Cuban filler closely resembles the imported Cuban
leaf in size, shape, and general appearance. It has good body and
aroma, although the specific aromatic quality and flavor of the best

Cuban tobacco have not yet been obtained. The tobacco is carefully

fermented, very much as in the Cuban process, and is afterwards care-

fully sorted and graded according to color, body, and length. It is then

made into carrots (see PL XXXV) and baled in identically the same
way as the Cuban package. This tobacco has taken well with the

domestic trade, as is evidenced by the fact that it brings the highest

price of any domestic filler leaf, a good packing of clean, sound leaves

selling for 40 cents per pound. The Florida-grown Cuban wrapper,

although constituting a very small proportion of the crop, brings from
75 cents to $1.50 per pound.

The Florida-grown Sumatra is essentially a wrapper leaf that has

been highly developed during the past few years. While the first

crops gave in most cases only about 20 per cent of wrappers, the propor-

tion lias now been increased to 70 and 80 per cent, under the most care-

ful methods of cultivation. This crop is so valuable that the land is

now shaded with cheese cloth, placed on wood frames 9 feet high, and
irrigation is used in addition by some of the larger planters with most
gratifying success. The Florida-grown Sumatra closely resembles

the imported, leaf in size, shape, texture, grain, and general appear-

ance. It is extremely thin and very elastic. The most desirable

sizes are 1-1, 16, and 18 inches. The best crops will average about

200 leaves to the pound. Two pounds will cover 1,000 cigars. This

makes it a cheap wrapper for the manufacturer, even at the high

price of $1.50 to $2 per pound. Choice selections have sold by the

bale as high as 83 and $4 per pound, although the proportion of these

very high grades is yet very small, requiring infinite care and great

expense in sorting. This tobacco- is all primed, that is, each leaf is

picked when ripe, and great care is exercised in fermenting, grading,

and assorting.

STATISTICS OF MANUFACTURED TOBACCO, SNUFF, CIGARS, AND
CIGARETTES.

The total receipts by the Government, from the internal-revenue tax

on tobacco from all sources during the fiscal year ending June 30, 1899,

amounted to $52, 043,859. 05. In the fiscal year 1898 there were regis-

tered 3, ls<; manufacturers of tobacco, including plug, pipe smoking,

and cigarette, and 1 15 snuff manufacturers. There were 30,85G cigar

manufacturers during the same period.

The following table shows the amount of manufactured tobacco and
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the number of eigars and cigarettes made during the past nine \ ^it.-.,

the period ending on June 30 of each year:

statistics of manufactured tobacco, snuff, cigars, and cigarettes, 1890-1898.

X- or.
Manufactured

tobacco.

1890

L801

1892

1803

1890

813,427,008

869,855,085

364,412,767

-

857,050, !',!

263,404,840

848,708,581

261,5

Snuff.

Pounds.

9, 434,' 746

10,674,241

11,426,927

1 1 . 952, 736

», 887,709

12,703,919

13, 768, 1">5

Cigars. Cigarettes.

228,528,

422,024,

074, 70S,

341,240,

163,641,

099,137,

048, 463,

131,050,

915,663,

Nwmber.

2,505,167,610

3,137,318,596

3,282,001,283

3,666,755,959

3,620,666,804

4,237,754,453

4,907.444.233

380,620

4,685,783,897

For 1899 the figures for manufactured tobacco and snuff arc not

obtainable separately, but the combined total for the two articles

was 266,661,752 pounds. During the same year there were made
1,542,016,570 cigars and 1,-V- cigarettes.

STATISTICS OF LEAF TOBACCO EXPORTED FROM THE UNITED STATES.

The following table shows the principal countries to which the

American tobacco is exported., but it does not give a correct idea

of the ultimate distribution of the tobacco. The amount credited

to Germany undoubtedly embraces much that is sent to Austria-

Hungary, Switzerland, Africa, and several other countries. The
tobacco is sent to Bremen or other German ports and is distributed
from there. Unfortunately, there are no reliable statistics as to the
actual amount of American tobacco adapted for consumption by
these differenl countries. On the other hand, it is quite likely that

the amount credited to the United Kingdom is largely consumed in

English territory. In France, Italy, and Spain, where the Regie
em prevails, the tobacco is billed direct, and the estimates given

undoubtedly represent the quantity of American tobacco consumed
in those countries. The Regie system has lately been introduced
into Japan, but this has been so recently done that the quantity
mentioned in the table has not been in any way affected by the
introduction of the system. The trade with Japan has increased
very much in the last few years; in 1894 there were 11,084 pounds
exported from the United States to that country, while in 1898 the
exportation had increased to 2,751,24(3 pounds. The trade with China
has also increased during the same period, but not to such an extent,

The amounts credited to Austria-Hungary, Switzerland, and Africa
are certainly far below the actual amount of American tobacco used
by those countries, for the reason just stated—their distribution from
German ports rather than their direct importation from this country.
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Average yearly export of leaf tobacco, 1894-1898.

[Compiled from Bulletin No. 1(5, Section of Foreign Markets, Department of Agriculture.

Country.

United Kingdom
Germany
France

Italy

Belgium

Spain _..

Netherlands

Canada

British Australasia ..

Africa

Mexico

Gibraltar

British West Indies .

.

Haiti

Japan

Sweden and Norway.
Canary Islands

British Guiana . ... ...

French West Indies..

Denmark
Austria-Hungary

Argentina

China

Brazil

Other countries

Pounds.

Total.

81,698,086

5:?,948,079

30, 553, 565

26, 430, 166

21,278.085

20, 770, -157

19,404,179

11,233,189

1,846,830

1,757,846

1,754,181

1,351,909

1 . 350. 355

907, 785

786, 913

721,438

599,054

5S0, 105

478,558

176.407

120,778

104,751

75, 426

38,214

1,707,730

279,675,076

Per cent.

29.21

19.29

10. 92

9.45

7. 61

7.43

6.94

4.02

.66

.63

.63

.48

.48

.32

.28

.26

.21

.17

.06

.(14

.04

.03

.('1

.62

100.00

Dollars.

8,181,

4,062,

2,419,

2,495,

1,960,

1,033,

1.154,

1.093,

270,

158,

135,

91,

123,

102,

54,

69,

51,

44,

38,

16,

10,

6,

5,

4,

166,

Per cent.

23,751,026

11

11

19

51

26

35

86

60

14

.67

.57

.38

. 52

.43

.23

.29

22

.19

.16

.07

.04

.03

.02

.02

.70

100. 00



ADMINISTRATIVE WORK OF THE FEDERAL GOVERN-
MENT IN RELATION TO THE ANIMAL INDUSTRY.

By George F. Thompson,

Editorial Clerk, Bureau of Animal Industry.

PRELIMINARY REMARKS.

Diseases o!" domestic animals have been the subject of many articles

and letters which have appeared in the Annual Reports forthe Depart-*
ment of Agriculture since its organization, and even previous to that

time in the agricultural part of the Patent Office Reports. The first

Investigations were undertaken by Department authority in 1868, at

a time when Texas fvyoy and contagious pleuro-pneumonia were cre-

ating considerable alarm among the cattle raisers of the country. In

1882 and 1883 the investigation of Texas fever was taken up with a
view to ascertaining its causes and methods of prevention and estab-

lishing definitely t lie areas infected by it. However, no administrative

work relative to the animal industry of the country was undertaken
by the federal Government previous to the establishment of the

Bureau of Animal Industry in the Department of Agriculture in 1884,

except the limited amount done by the Treasury Department at the

quarantine stations at the ports of import. One of the purposes of

the establishment of the Bureau was to inaugurate and supervise the

federal administrative work relative to contagious diseases of animals,

and the history of the work in the United States forms a large portion

of the history of the Bureau.

The work of the State governments relative to animal diseases can
not be given within the limits of this paper, but it is well to say that,

even before the Federal Government took up the work, several States

had enacted laws for the control of contagious diseases of animals.
Such enactments, while they might not have been inefficient, were
found to be inadequate, since the regulation of the movement of

animals from State to State could only be accomplished by the Fed-
eral Government; hence, the necessity was apparent that the latter

should take up the great work and cooperate with the States.

AUTHORITY CONFERRED AND SCOPE OF THE WORK.

The author it}* possessed by the Department of Agriculture for en-

forcing measures with reference to contagious diseases of domestic
animals is conferred by "An act for the establishment of a Bureau of

Animal Industry, to prevent the exportation of diseased cattle, and to

441
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provide for the suppression and extirpation of pleuropneumonia and
other contagious diseases among domestic animals," which was ap-

proved by the President on May 20, 1884. The power thus conferred

is not in all cases sufficient to effect the eradication of a disease, for

the reason that the Federal Government can not enforce measures
within a State without the legislative consent of that State, unless the

animals affected are subjects of or endanger interstate commerce.
Its work, therefore, without the cooperation of the States affected, is

limited to interstate traffic, and quarantine lines are thus made to

follow State lines. It has always been a matter of gratification, how-
ever, that wherever the Bureau of Animal Industry has undertaken
to suppress and eradicate a contagious disease the authorities of the

affected States have readily lent their assistance. A State, on the

other hand, can do nothing more than guard its own territory; and,

while all of the States have laws for the control of live-stock traffic

with a view to the prevention or suppression of disease, it could hardly

be expected that they would under all circumstances cooperate with

each other effectually. The work of the Federal Government is there-

fore necessary to the State, and the State laws are necessary to the

Federal Government, if success in eradicating disease from the conn
try is to be assured; the federal and State powers are not only sup-

plementary, but interdependent.

CONTAGIOUS PLEURO-PNEUMONIA WORK.

The success of the Bureau of Animal Industry in eradicating con-

tagious pleuro-pneumonia from this country was a triumph that will

never be forgotten by the cattle owners of the United States. This

disease had become established in several States east of the Alle-

gheny Mountains, and later broke out in Ohio, Illinois, and Ken-
tucky, all great cattle-growing States of the Mississippi Valley. From
these States it threatened to spread over the great cattle districts of

the West and completely to ruin the industry. The country was
thoroughly alarmed, and Congress Avas prevailed upon to enlarge the

powers of the Bureau of Animal Industry to deal with contagious

diseases of domestic animals, contagious pleuro-pneumonia being

especially mentioned.

A thorough study was immediately begun of the history of the dis-

ease in this country and abroad and of the means and methods
employed elsewhere for its eradication. Dr. D. E. Salmon, who became
the chief of this new Bureau, speaking of this disease in 1883, had said

"that the only object kept in view should be its complete extinction

by the most summary measures at our command," and further:

"We can recommend no temporizing measures with regard to this

affection. The only ones applicable are quarantine, restriction of

movement of cattle, slaughter of affected animals, and disinfection."

The veterinary professioD the world over was agreed as to the efficacy
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of these measures alone, and the Bureau desired to adopt them at

once in entering upon the pleuro-pneumonia work. In fact, rules

and regulations providing for the destruction by Bureau inspectors of

affected animals and the certification of the assessed value of such

animals to the Commissioner of Agriculture, who, upon approval, would

order payment for the same, were issued by the Commissioner of

Agriculture on April 22, 1885; but about the same time the Attorney-

Genera] of the United States rendered an opinion, based upon the

organic act creating the Bureau, that there are " no provisions for

purchasing the diseased and exposed animals.*' thus rendering null

and void the rules and regulations of the Commissioner. However,

in the appropriation act for the fiscal year of L887 the Commissioner

was authorized to expend 1 he appropriation "in such manner as he

may think best to prevent the spread of pleuro-pneumonia * * *

and to expend any part of this sum in the purchase and destruction

of diseased animals wherever in his judgment it is essential to prevent

the spread of pleuro-pneumonia from one Slate to another.'' From
that time forward the work was pushed vigorously and successfully.

In accordance with the organic act creating the Bureau and also

with the appropriation ad just quoted, rules and regulations, dated

Augusl 12, L886, were formulated for prosecuting the work. Pro-

vision was made for the acceptance ol' these rides and regulations by
the governors of the affected States, which in most instances was

promptly done. In the matter of inspection, the Bureau was to fur-

nish the accessary inspectors, who were to receive from the proper

State officers the authority to make inspections of cattle under the

laws of the State, io receive such protection and assistance as would

be given to State officers engaged in similar work, and be permitted

to examine quarantined herds wherever so directed by the Commis-
sioner of Agriculture or the chief of the Bureau of Animal Industry.

Reports upon inspect ions were to be made to the Bureau of Animal
Industry and to the proper State authorities. When contagious

pleuro-pneumonia was discovered in a herd, the owner or person in

charge was at once to notify the inspector, who was Io put in force

the quarantine regulations of the State in which the herd was located.

Every animal of an infected herd was distinct ively marked with a lock

and chain, which were furnished by the Bureau, but which became
the property of the State when placed upon an animal, in order that

anyone tampering with them would become amenable to the laws of

the State. Quarantine restrictions were for a period of not less than
ninety days, and were not to be removed without the consent of the

Bureau. All affected and exposed animals were to be slaughtered as

soon after discovery as possible, were to be appraised according to the

provisions of the State law, and the representatives of the Bureau
notified of the appraisement. The Department of Agriculture was to

pay to the owner such portion of the appraised value as was provided
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by the laws of the State for cattle condemned and slaughtered by

State authority. All necessary disinfection was to be conducted by
the Bureau. The Bureau did not recommend inoculation for the dis-

ease, but retained supervision over the herds which were inoculated

under State authority.

These regulations were modified from time to time as necessity arose.

On April 15, 1887, the chief of the Bureau was authorized to inspect

stock yards, cars, boats, and other vehicles of transportation lines,

and to make the necessary regulations for their quarantine and disin-

fection. A few weeks later a notice was sent to the managers of trans-

portation lines, calling their attention to the existence of contagious

pleuro-pneumonia among cattle in Illinois, Maryland, and New York,

requesting their cooperation in preventing the spread of the disease

by means of disinfection and by declining to receive cattle for ship-

ment which were not known to be free from infection. Still later this

notice was modified so as to apply to all States affected.

These measures soon began to give good results, enabling the chief

of the Bureau of Animal Industry to make the following statement in

his report for 18S8:

The prompt eradication of pleuro-piieuuionia from Chicago and vicinit3T is worthy

of more than a simple narration of the fact. It may well be considered one of the

most important results ever accomplished by the Department of Agriculture.

History gives few if any cases where the dairies of a city of the size of Chicago

have once been infected with pleuro-pneumonia and where the disease has been

eradicated without years of constant work and the expenditure of vast sums of

money. Paris was infected more than one hundred years ago, and in spite of the

large number of veterinarians in that district, and of the stringent laws and reg-

ulations promulgated for its suppression, the disease still exists, and the ravages

continue from year to year apparently undiminished.

At the same time the disease was eradicated from all affected dis-

tricts in Maryland outside of the city of Baltimore, and in Virginia

it was completely suppressed. In the other affected States the work

had been most satisfactory. In 1889 the progress of the work was

notable, being hampered only by lack of full authority on the part of

the Bureau properly to enforce its regulations. The plague had not

reappeared west of the Allegheny Mountains and no extensions

occurred in the Eastern States. Cattle owners and shippers outside

of the infected districts had gained such confidence in the work that

the presence of the disease in this country no longer interfered with

the traffic to any appreciable extent. In 1890 the chief of the Bureau

reported as follows

:

The year has passed without any discovery of contagious pleuro-pneumonia out-

side of the districts which were recognized in the last report as infected. The reg-

ulations of the Department have been enforced without difficulty, and the progress

of the work for the eradication of this plague has been continuous and rapid.*******
The efficiency of the regulations and of the methods employed under them

is demonstrated by the fact that for two years there has not been a case of the
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disease outside of the very restricted areas on the Atlantic seaboard which have
from the first been recognized as infected. These regulations are still in force, and
with the almost complete eradication of the contagion the danger of any infec-

tion extending to other sections has practically disappeared.

In 1891 the disease had disappeared from all of the States that had
been infected except New Jersey, where it was restricted to a very

small area, enabling the Bureau to publish the statement that "the
United States is now practically free from contagious pleuro-pneu-

monia." On March 25, 1892, the last case of the disease disappeared
from the United States, and six months later the following proclama-

tion was issued :

PROCLAMATION—ERADICATION OF PLEURO-PNEUMONIA.

U. S. Department of Agriculture,
Office of the Secretary.

2>> all whom it may concern:

Notice is hereby given that the quarantines heretofore existing in the counties

of Kings and Queens, State of New York, and the counties of Essex and Hudson,
State of New Jersey, for the suppression of contagious pleuro-pneumonia among
cattle, are this day removed.

The removal of the aforesaid quarantines completes the dissolving of all quaran-
tines established by this Department in the several sections of the United States

for the suppression of the above-named disease.

No case of this disease has occurred in the State of Illinois since December 29,

1887, a period of more than four years and eight months.

No case has occurred in the State of Pennsylvania since September 29, 188S, a
period of four years, within a few days.

No case has occurred in the State of Maryland since September 18, 1889, a
period of three years.

No case has occurred in the State of New York since April oO, 1891, a period of

more than one year and four months.

No case has occurred in the State of New Jersey since March 25, 1892, a period

of six mouths, and no case has occurred in any other portion of the United States

within the past five years.

I do therefore hereby officially declare that the United States is free from the
disease known as contagious pleuro-pneumonia.

J. M. Rusk. Secretary.

Done at the city of Washington, D. C. this 86th day of September, A. D. 1892.

It may be that those countries which are still afflicted with the plague
of contagious pleuro-pneumonia are in position better to appreciate
the importance of the work done in this country than we are ourselves.

If the Bureau of Animal Industry, by eradicating this disease from
the country, were to be given credit for the value of all losses which
would have resulted from a continuance of the disease, as well as for

the money which might have been expended ineffectually by the State

authorities toward suppressing it, who can estimate what it would be?
In a summary of the work of the Bureau, published in 1897, the

chief wrote as follows regarding the eradication of contagious pleuro-

pneumonia:

It is almost impossible at this time to give an idea of the danger with which the
cattle industry was menaced by the spread of that fatal and treacherous disease to
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a poiflu so far in the interior as Chicago or of the difficulties under our form of

Government of promptly and effectually meeting the emergency. Fortunately,

although the cattle owners in the affected districts were not friendly, the State

authorities cooperated in every case and supplied the power which was lacking in

federal legislation, and although there were many who questioned the existence

of the European lung plague in this country, who did not believe in the success of

the measures that were adopted, who were positive that the disease could not be

eradicated, or who were certain that untold millions of money would be squan-

dered before the end was reached, the result was accomplished with an expenditure

of less than five j-ears of time and of SI, 500,000—a sum which is less than 5 per cent

of the value of the beef exported in 189:2.

When we consider that the Governments of Great Britain, France, and Germany
all undertook the work of eradicating pleuro-pneumonia long before the establish-

ment of our Bureau of Animal Industry, and that none of them have yet succeeded

in freeing their territory from the plague, we can appreciate the fact that the

completion of our task in a comparatively short time was a notable achievement.

Iu order to make this review of the pleuro-pneumonia work com-
plete and satisfactory, the following tables, taken from the report of

the Bureau for 1802, are given:

Work clone in the eradication of pleuro-pneumonia, by years.

ILLINOIS.

Character of work.

Herds inspected

Cattle inspected

Post-mortem examinations

Number diseased on post-mortem

Premises disinfected

Diseased cattle purchased

Exposed cattle purchased

September
1, 1886, to
December

3, 1887.
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Work done in the eradication ofpleuro-pneumonia, by years—Continuetf:

NEW YORK.

Character of work.

Herds inspected.

Cattle inspected

Cattle tagged

Post-mortem examinations. ..

Number diseased on post-mortem

Premises disinter ted

Diseased cattle purchased

-•& cattle purchased

1887.

1,511

25,122

1,347

447

200

736

12. 333

99, 726

100,370

15, 538

1,339

1,576

3,196

1S89.

15,861

149.396

33,135

15,375

1.012

339

1,053

1890.

19,569

150,474

18,338

544

431

427

1,984

1891.

13,381

136,111

30, 294

26, 953

31

49

25

284

a 1892.

49,925

13, 5.58

18,871

Total.

65, 193

610,754

211,109

4,321

2,161

3,347

9,010

NEW JERSEY.

Character of work. L887. 1888. 1889. 1892. Total.

Herds inspected I 1,428

inspected 10,461

Cattle tagged

Post-mortem examinations

Number diseased oa post-mortem

Premises disinfected...

d cattle purchased.

i

13,318

6,846

514

275

502

945

s. 4.y>

76,001

11.072

14.212

189

208

110

714

8, 402

60,659

8,817

9,419

43

101

44

212

8,124

12,818

4.417

63

57

48

10,813

128.017

22. 153

32

196

40

222

51,330

421,495

40,734

954

840

844

2. 407

PENNSYLVANIA.

Cha rork.
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Expenditures in the eradication of pleuropneumonia from July /, ISb'd, to Sep-

tember 1, 1892.

State.

New York

New Jersey

Pennsylvania

Maryland

Illinois

Vermont, 1 Massa-

chusetts, ' Vir-

ginia, and Dis

trict uf Colum
bia

Total

Salaries.
Travel- Miscella- Affected Exposed
ing. j neous. cattle.

,
cattle.

$385, 678. 70 $58, 013

185,533. 98 44,018.

40,2(11.30

124, 948. 22

52. 170.31

3, 342. 28

4, 462

33, 705,

3,819,

1,17;

$28 897.52

956. 79

614. 66

667. 42

126. 61

19. 55

$87,241.69

20.477.50j

1,243. 5o!

48,363.41

3. 260. 80

$198,669.

60,967.

3,357.

76,115.

16,561.

Num-
ber of
ani-
mals
af-

Num-
ber of
ani-
mals
ex-

I

fected. posed.

S75S,

323,

51,

288,

79.

495. 00

953.94

879. 44

800.64

938. 65

739. 00

791,868.79145,196.51 54,282.55161,325.90 356,426

50 6, 033. 05

99| 1,509,100.72

.
.'517

844

63

,974

176

9,019

2, 467

142

2,930

999

45 57

,449! 15,614

1 Investigating reported outbreaks.

TEXAS FEVER WORK. 1

The direct losses to the cattle industry of the country from Texas

fever at the time when the Bureau of Animal Industry was organized

were much heavier than the losses from pleuro-pneuinonia. Texas

fever had been known under different names for many years, and had
become thoroughly disseminated and established throughout the

Southern portion of the United States. Although the true nature of

the disease was not known, investigations had developed several

important facts, namely, that Southern cattle, when taken to the

North, though in the best of health, would carry with them the con-

tagion; that Northern cattle, when taken to the South, would contract

the disease; that there waSj therefore, an infected and a noninfected

area, between which it was necessary to draw a definite line; and

that " even a fence was sufficient to arrest the disease."

If the cattle raisers of the noninfected region were to be protected

from Texas fever, and if those of the infected area were to be per-

mitted to ship their stock out of it, it was necessary that measures

should be first adopted to control the transportation. Such meas-

ures were alike important in the South, where animals were imported

from the North for the purpose of grading up the herds, and in the

North, where Southern cattle were to find feed for fattening and a

market. The noninfected area of the country was rapidly increasing

its production of corn, and needed the feeders from the infected area

to consume it.

When the Bureau of Animal Industry was established, it was rec-

ognized as one of its most important duties that the Texas fever

1 Synonyms: Southern fever, splenetic fever, splenic fever, Spanish fever, accli-

mation fever, acclimatization fever, tick fever.
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district must be accurately outlined, and that there must be laws

absolutely preventing the driving of cattle from the infected to the

noninfected sections, except during certain winter mouths. Previous

to this, in 1883, the chief of the Bureau and his assistants had estab-

lished the northern line of this district through Virginia. In 1884 the

Bureau extended the line westward to the Mississippi River, and in the

following year it reached the Rio Grande in Texas. Later it became

necessary to include a part of California.

REGULATIONS REGARDING TEXAS FEVER.

Regulations were issued by Secretary Rusk in 1889, addressed to

the managers and agents of railroad and transportation companies in

the United Slates, directing their attention to the area infected with

Texas fever and to the quarantine line thereby established. These .

regulations have been modified from time to time as necessities have

arisen; and in order to a satisfactory understanding of all the details

of the work the regulations promulgated for the year 1899 are given

below in their entirety. The quarantine line mentioned has since

been amended by special orders, excluding on account of local coop-

eration the noninfected districts of >ome of the States, but in all essen-

tial points it is the same as originally defined:

To managi rs and "</< nts of railroads <iu<l transportation companies of the United

States, stoeknu n. and <>th< rs:

In accordance with section 7 of the act of Congress approved May 29, 1884,

entitled "Ad act for the establishment of a Bureau of Animal Industry, to pre-

vent the exportation of diseased cattle, and to provide means for the suppression

and extirpation of pleuro-pneumonia and other contagions diseases among domestic

animals." and of the act of Congress approved March 22, 1898, making appropri-

ation for the Department of Agriculture for the fiscal year ending June 30, 1899,

yon are hereby notified that a contagious and infectious disease known as splen-

etic, or Southern, fever exists among cattle in the following described area:

1 . All that country lying south, or below, a line beginning at the northwe^ cor-

ner of the State of California: thence east, south, and southeasterly along the

boundary line of said State of California to the southeastern corner of said State;

thence southerly along the western boundary line of Arizona to the southwest

corner of Arizona: thence along the southern boundary lines of Arizona and New
Mexico to the southeastern corner of New Mexico: thence northerly along the

eastern boundary of New Mexico to the southern line of the State of Colorado;

thence along the southern boundary lines of Colorado and Kansas to the south-

eastern corner of Kansas; thence southerly along the western boundary line of

Missouri to the southwestern corner of Missouri: thence easterly along the south-

ern boundary line of Missouri to the western boundary line of Dunklin County:

thence southerly along the said western boundary to the southwestern corner of

Dunklin County; thence easterly along the southern boundary line of Missouri to

the Mississippi River; thence northerly along the Mississippi River to the north-

ern boundary line of Tennessee at the northwest corner of Lake County; thence

easterly along said boundary line to the northeast corner of Henry County: thence

in a northerly direction along the boundary of Tennessee to the northwest corner

of Stewart County; thence in an easterly direction along the northern boundary

of Tennessee to the southwestern corner of Virginia; thence northeasterly along

1 A 99 29
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the western boundary line of Virginia to the northernmost point of Virginia;

thence southerly along the eastern boundary line of Virginia to the northeast cor-

ner of Virginia where it joins the southeastern corner of Maryland, at the Atlantic

Ocean.

2. Whenever any State or Territory located above or below said quarantine

line, as above designated, shall duly establish a different quarantine line, and
obtain the necessary legislation to enforce said last-mentioned line strictly and
completely within the boundaries of said State or Territory, and said last above-

mentioned line and the measures taken to enforce it are satisfactory to the Secre-

tary of Agriculture, he may, by a special order, temporarily adopt said State or

Territorial line.

Said adoption will apply only to that portion of said line specified, and naay

cease at any time the Secretary may deem it best for the interest involved, and in

no instance shall said modification exist longer than the period specified in said

special order: and at the expiration of such time said quarantine line shall revert

without further order to the line first above described.

Whenever any State or Territory shall establish a quarantine line for above pur-

poses, differently located from the above- described line, and shall obtain by legis-

lation the necessary laws to enforce the same completely and strictly, and shall

desire a modification of the federal quarantine line to agree with such State or

Territorial line, the proper authorities of such State or Territory shall forward to

the Secretary of Agriculture a true map or description of such line and a copy of

the laws for enforcement of same, duly authenticated and certified.

3. From the 1st day of January, 1899, no cattle are to be transported from said

area south or below said federal quarantine line above described to any portion

of the United States above, north, east, or west of the above-described line, except

as hereinafter provided.

4. Cattle from said area may be transported, by rail or boat, for immediate
slaughter, and when so transported the following regulations must be observed:

(a) When any cattle in course of transportation from said area are unloaded

above, north, east, or west of this line to be fed or watered, the places where said

cattle are to be fed or watered shall be set apart, and no other cattle shall be

admitted thereto.

(b) On unloading said cattle at their points of destination, pens, sufficiently

isolated, shall be set apart to receive them, and no other cattle shall be admitted

to said pens; and the regulations relating to the movement of cattle from said

area, prescribed by the cattle sanitary officers of the State where unloaded, shall

be carefully observed. The cars or boats that have carried said stock shall be

cleansed and disinfected as soon as possible after unloading and before they are

again used to transport, store, or shelter animals or merchandise.

(c) All cars carrying cattle from said area shall bear placards, to be affixed by
the railroad company hauling the same, stating that said cars contain Southern

cattle, and each of the waybills or bills of lading of said shipment by cars or boats

shall have a note upon its face with a similar statement. Whenever any cattle

have come from said area and shall be reshipped from any point at which they have
been unloaded to other points of destination, the cars carrying said animals shall

bear similar placards with like statements, and the waybills or bills of lading be

so stamped. At whatever point these cattle are unloaded they must be placed in

separate pens, to which no other cattle shall be admitted.

(d) No boat having on board cattle from said district shall receive on board
cattle from outside of said distinct. Cattle from said district shall not be received

on board when destined to points outside of said district where proper facilities

have not been provided for transferring the said cattle from the landing to the

stock yards and slaughterhouses without passing over public highways, unless

permission for such passing is first obtained from the local authorities.
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(e) The cars and boats used to transport such animals, the chutes, alleyways,

and pens used during transportation, and at points of destination, shall he disin-

fected in the following manner:

Remove all litter and manure. This litter and manure may be disinfected by
mixing it with lime or saturating it with a 5 per cent solution of 100 per cent car-

bolic acid; or, if not disinfected, it may be stored where no cattle can come into

contact with it during the period from February 1 to November 15 of each year.

Wash the cars and the feeding and watering troughs with water until clean.

Saturate the entire interior surface of the cars and the fencing, troughs, and

chutes of the pens with a mixture made of li pounds of lime and one-quarter

pound 100 per cent straw colored carbolic acid to each gallon of water; or a

solution made by dissolving -4 ounces of chloride of lime to each gallon of water

may be used; or disinfect the cars with a jet of steam under a pressure of not less

than 50 pounds to the square inch.

5. Cattle originating in said area may. after having been properly dipped, under

the supervision of an inspector of this Department, be Bhipped without further

re-triction, 3xcepting such as may be enforced by local authorities at point of desti-

nation: Provided*, That application be first made to this Department, and permissii m
granted to establish the dipping stations, and that after being dipped the cattle

are certified by an inspector of the U. S. Bureau of Animal Industry, and that the

cattle when dipped lie shipped in clean cars, and not be driven through the infected

district or unloaded therein except at such point as may be duly designated by an
order issued by this Department.

6. From November 1 to December 31, inclusive, cattle from said area which are

found free of infection upon inspection by officers of this Department maybe
moved north of the quarantine line without restriction other than may be enforced

by local regulations at destination. If evidence of infection is found upon such

inspection, the cattle must be dipped in accoidance with the provisions of section

5 before being moved north of the quarantine line.

7. Cattle from the Republic of Mexico may be admitted into the United States,

after inspection according to law, as follows:

Cattle free from splenetic, or Texas, fever, and from contact therewith dur-

ing the three months preceding such inspection, and which have been grazed in

a locality free from infection of such fever, may be admitted into any part of the

United States. If destined to points in the noninfected area, a special permit
must be obtained from an inspector of the Bureau of Animal Industry, said per-

mit being issued according to the regulations of said Bureau; the cattle for which
said permit is is~uedinust not be driven through the infected area, nor beunloaded
in any part thereof except at such point as may be duly designated by an order

issued by this Department; if shipped in infected cars, or unloaded in the infected

area, except as above stated, tbey will be subject to the regulations concerning
infectious cattle.

(6) Cattle found upon inspection to be infected or to have been exposed to infec-

tion during the preceding three months must be dipped at port of entry under
supervision of an inspector of this Department prior to admittance to the United
States; after dipping said cattle shall be subject to the conditions specified in the

last preceding paragraph.

8. Notice is hereby given that cattle infested with the Boophilus bovis, or South-
ern cattle tick, disseminate the contagion of splenetic, or Southern, fever (Texas
fever); therefore cattle originating outside of the district described by this order,

or amendments thereof, and which are infested with the Boophilus bovis ticks

shall be considered as infectious cattle and shall be subject to the rules and regu-

lations governing the movement of Southern cattle.

9. Stock-yard companies receiving cattle infested with said ticks shall place such
cattle in the pens set aside for the use of Southern cattle, and transportation
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companies are required to clean and disinfect all cars and boats which have con-

tained the same, according to the requirements of this Department.

10. Inspectors are instructed to see that disinfection is properly done, and to

report instances of improper disinfection. It is expected that transportation and

stock-yard companies will promptly put into operation the above methods.

All prior orders conflicting herewith are hereby revoked.

James Wilson, Secretary.

It will be observed that section 5 of the regulations relates to the

dipping of the cattle for the purpose of killing the tick, which is the

carrier of the contagion. The Bureau has beeu experimenting along

this line for several years, but, while progress has been made, a mix-

ture has not yet been found which will kill the ticks and at the same

time result in no injury to the animal. The end sought is so desirable

that the Bureau will continue its work in the belief that a substance

will be found which will prove entirely satisfactory.

The beneficial effect of such regulations was apparent from the fir.st.

Export cattle were protected from infection, and consequently losses

from disease in transit were fewer each year. In 1891 such losses of

export cattle from Texas fever amounted to 524 head, but fell to the

number of 131 the following year, and since that there have been but

two or three cases, and these at rare intervals. The result has been

increased prices abroad and a great reduction of insurance on cargoes

of cattle, as will be noted further on.

SHEEP SCAB AND HOG CHOLERA WORK.

Iii December, 1895, the regulations of the Bureau of Animal Industry

were amended to the extent that "animals affected with hog cholera,

tuberculosis, or sheep scab shall be considered animals affected with

contagious or infectious diseases, * * * and shall not enter into

interstate trade nor be brought into contact with other animals intended

for such trade." Such animals are not permitted to enter any stock

yards or other places where animals are handled for interstate trade,

and when so found are condemned, tagged, and placed in quarantine.

Stock-yard companies, transportation companies, and other parties

receiving or handling such diseased animals are required to disinfect

thoroughly such parts of their premises or property as contained such

animals, subject to the approval of the inspectors of the Bureau.

Animals so quarantined can not be removed except upon written

permit of the inspector in charge. General instructions were given

to the inspectors by the chief of the Bureau soon after the above-

mentioned regulations were made, in which it was provided that

sheep affected with scab might be liberated after being dipped one

or more times and the inspectors convinced that the disease was

cured.

Scab is one of the oldest diseases of sheep known to the veterinary

profession, and while ii is easily cured and methods for its eradication
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are well known, it has been permitted to spread among flocks, to the
great damage of the sheep industry of the country. The efforts which
the Bureau had so far been able to make were not sufficient to control

the spread of the disease. It became necessary in 1897 to issue an
order to managers and agents of railroads, transportation companies,
and stockmen, calling their attention to the fact that it was unlawful
to transport diseased sheep from one State to another, and requesting

their cooperal ion to prevent Hie further spread of the disease. Inspect-

ors were instructed to sec that all cars, boats, or other vehicles of

transportation were properly cleaned and disinfected by their owners.
As the facilities of the Bureau have increased, the sheep traffic has

received more attention and the restrictions have become more rigid.

Tin- question of dips had to receive consideration, as some of the dips
on the market wen- not satisfactory, in that they did not kill the mite *

which is the cans*' of the scab. In consequence of litis fact the fol-

lowing order was issued in .Inly, 1

It isordt /•<
i '. That from and after August 10, 1S99, no sheep affected with scabies,

and no sheep which have been in contact with others so affected, 6ha!l he allowed
shipment from cue State or Territory into another, or from any State into the
District of Columbia, or from the District into any State, unless said sheep shall

have first been dipped in a mixture approved by this Department.
The dips now approved are:

1. The tohacco-and-sulphur dip, made with Mirhcient extract of tobacco to give
a mixture containing not less than five one-hundredths of f per cent of nicotine

and p^r cent flowers of sulphur.

'J. The lime-and-snlphur dip, made with 8 pounds of unslaked lime and 24 pounds
of flowers of sulphur to 100 gallons of water. The lime and sulphur should be
boiled together for not less than two hours, and all sediment allowed to subside
before the liquid is placed in the dipping vat.

The owner of the sheep is privileged to choose which one of the above-mentioned
dips shall be used for his animals. The Department will instruct inspectors to

enforce due care in dipping .--he' p, but it assumes no responsibility for loss or dam-
age to smb. animals, and persons who wish to avoid any risks that maybe incident
to dipping at the stock yards should see that their sheep are free from disea-s

before they are shipped to market.

In the matter of hog cholera and swine plague, the administrative
work of the Bureau is under the same law as that for sheep scab.

In addition to the methods of quarantine and disinfection, however,
hogs are being given the serum treatment for these diseases. The
Berum for this work is prepared by the Bureau, and at present is

administered for experimental purposes by the Bureau officials.

During the last two years the work has been undertaken on a large

scale in Page County, Iowa, by the legislative consent of that Stare,

and the results have been very satisfactory. It is estimated that the
saving in the treated herds has been from 75 to 80 per cent.

The ''stamping-out" process, the same that was so succes>fully
employed in the eradication of pleuro-pneumonia, was tried experi-
mentally in eight townships of the same county in 1897. and the
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results indicated that if the method were vigorously pursued for a

few years the disease could thus be greatly reduced or possibly eradi-

cated. A recapitulation of the work in 1897, giving also a compari-

son with the same period for 1896, shows wonderful success, especially

if it be remembered that the disease in Page County was of long

standing, and that therefore most farms were affected with the

contagion

:

Number of outbreaks in 1896 (six months) 218

Number of outbreaks in 1897 (six months) 80

Difference 138

Number of head lost in 1S9G (six months) 12, 849

Number of head lost in 1897 (six months) 1,111

Difference 11,738

These figures show that 138 fewer premises were affected and 11,738

fewer hogs died in the season of 1897, while the "stamping-out"
methods were enforced, than for the same period in 189G. The total

cost of this work, which included remuneration for slaughtered ani-

mals, was 810,157.12. It is assumed that if the average weight of the

11,738 hogs was 100 pounds, and their value 3 cents per pound, the

saving to the eight townships under consideration was 835,214, a sum
very much greater than the total expenses. It is true that the eradi-

cation of these diseases from a State by the "stamping-out''' process

would occasion the expenditure of a vast sum of money, and would
cause more or less inconvenience and arouse some opposition. This

plan has not been pursued, because the serum treatment promised

equally good results without the slaughter of all animals in an infected

herd, and consequently at comparatively slight expense, thus avoid.

ing the inconvenience and irritation which invariably follow the more
arbitrary measures.

BLACKLEG WORK.

When the Bureau of Animal Industry undertook to investigate the

prevalence of blackleg in the United States it was merely known that

the disease existed in certain districts. From its recent investiga-

tions, it is "apparent that the loss from blackleg in certain por-

tions of several States exceeds that from all other causes combined." -1

While this disease is infectious, it has not been considered necessary

to quarantine it at anytime. The results of investigations of the

Bureau indicate very decidedly that the disease may be eradicated by
inoculation and proper disinfection of premises.

At the beginning of this work the Bureau saw the necessity for a

"single" vaccine, that is, a vaccine which when used once Mould

1 Dr. V. A. Norgaard, Fifteenth Annual Report of the Bureau of Animal
Industry.
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produce the same immunity as is produced by two vaccinations, or

with a •' double** vaccine. The use of the double vaccine involved

the treatment of each animal twice, with an interval of ten days

liftween tin 1 two inoculations. This work, when considered in con-

nection with the large herds of the West, where it is necessary to each

operation thai the cattle be "rounded up" from a large section of

country, oftentimes scores of miles in extent, involves much incon-

venience and expense, and it never became popular with the cattle

raisers. In July, 1896, Dr. V. A. Xorgaard, then a veterinary inspector

for the Bureau, after having made an investigation, and appreci-

ating all the objections to the double vaccine, stated that it was

"desirable that some vaccine which will produce immunity after one
inoculation be introduced in this country. " Accordingly, experiments
were begun in the fall of 1896 for the purpose of preparing such a*

vaccine. Hundreds of thousands of doses have been mailed to cattle

owners, who arc enabled, by following the directions accompanying
the vaccine, to inject it themselves without the aid of a veterinarian.

Each person who receives the vaccine is requested to answer a series

of (pies! ions after the season closes, in order that an estimate of the

results of the work may bo made.

In 1898 the total number of reports received from the States and
Territories where the disease was most prevalent (namely, in Texas,

Nebraska, Kansas, Colorado, Oklahoma, Indian Territory, Xorth
Dakota, and South Dakota) was 522, covering 127,369 head of cattle.

Previous to L898 the average annual loss in the same sections was
about 14 pei- cent. During the same season the loss previous to vac-

cination was :'>.''»:; percent and after vaccination 0,54 per cent. There
were 700 deaths alter vaccination, many of which, as stated by cat-

tlemen themselves, would not have occurred if the vaccine had been
injected properly. These results were so satisfactory that vaccine
has bc.n >cnt to all applicants since. The number of doses thus
sent out during the fiscal year of 1898 exceeded 500,000.

Thus, in this brief time the Bureau of Animal Industry has made
it possible to reduce the losses of cattle from blackleg to a minimum,
and it is proposed to continue the manufacture and distribution of

tic vaccine until its efficacy is well known to the cattle owners of the
country, when blackleg, it is believed, will cease to be classed among
oar more destructive cattle diseases.

BOVINE TUBERCULOSIS WORK.

For some time past some of the States have been making efforts

toward the eradication of bovine tuberculosis by the "stamping-out "

method. The work of the Bureau in this connection is confined to the
rejection at stock yards and abattoirs of animals so diseased and to
the manufacture and distribution of tuberculin to State authorities,
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by which it may he ascertained which cattle are diseased and which

are not. During the last year 35,000 doses were sent out for such

official use. It is not furnished for private tests.

INVESTIGATIONS OF OTHER DISEASES.

It must not be understood that the work of the Bureau has been

confined to the diseases named above. The act creating the Bureau

provides for the "extirpation of pleuro-pneumonia and other con-

tagious diseases among domestic animals." All reports of outbreaks

of such diseases are immediately investigated by an inspector and

such action taken as is warranted in the premises.

INSPECTION OF EXPORT ANIMALS BEFORE SHIPMENT.

While the rigid inspection in connection with contagious pleuro-

pneumonia and Texas fever largely reduced the number of diseased

animals that was offered for export, the officials of Great Britain

still insisted that cattle affected with contagious pleuro-pneumonia

continued to reach their shores from the United States. In conse-

quence of these statements, arrangements were made with the British

officials to permit the presence of inspectors of the Bureau of Animal

Industry at the post-mortem examinations in Great Britain of all

animals supposed to be thus diseased. These inspectors commenced

their work at London, Liverpool, and Glasgow on August 1G, 1890,

and on November 8, after post-mortem examination of 104,200 head

of cattle, they reported that not one animal was found affected with

the disease.

This inspection has been continued in Great Britain, but is sup-

plemented by work under the act of August 80, 1890, which provides

for the inspection before shipment of all export cattle, sheep, and

hogs. This inspection at both ends of the line of shipment could not

fail to be efficient. Regulations under the act mentioned were issued

on October 20, 1 890. The points where cattle are to be inspected

are named, and the cattle passing the inspection are to be tagged

and inspected again at the ports of export. Cattle arriving at the

ports of export from other parts of the United States are to be

inspected and tagged there. Animals are to be carried, after tagging,

in thoroughly cleaned and disinfected cars. Proper notification by

inspectors and shippers is required. The thoroughness of this work

is such that the history of any animal ragged for export may be

traced back to the; farm whence it came.

Very few hogs have been exported alive. The numbers of cattle

which have been inspected, tagged, and rejected in connection with

this work arc shown in the following table, also the inspections and

exports of sheep. The number of inspections does not mean an equal

number of animals, for most cat lie and sheep for export are inspected

twice, and so appear twice in the totals in the table.
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Inspections of cattle and sheep for e.xport, 189S-1899.

Cattle.

Fiscal year.
Number

inspec-
,

tions.

1 I 011,542

MM.. _ - 725,243

fflSS —- 657.750

189G
j

815,882

1-'; 845,110

1-
..-I 859,340

1899. 643.301

Number
re-

jected.

293

181

1,030

1,303

1,565

1,438

1,593

Number
tagged.

280,570

360,580

324,339

377,639

410,379

418,694

327,741

Sheep.

Number
of

inspec-
tions.

135,780

704, 044

733, 657

348, 108

297, 710

171.717

Number
re-

jected.

179

893

189

180

118

INSPECTION AND QUARANTINE OF IMPORT ANIMALS.
,

One of the first steps taken for the control of contagious diseases

among animals was the establishment of quarantine stations at the

principal Atlantic ports, where imported animals might be detained

until there was no longer any danger of the development of disease

from exposure to contagion in other countries. This system lias been

extended so as to include the frontiers bordering upon both Canada

and Mexico. The stations were at first under the Treasury Depart-

ment, bin sood after the organization of the Bureau of Animal Industry

they were transferred to its control. The wisdom of maintaining them
lias been attested very often. When pleuro-pneumonia was eradi-

cated it was not permitted to enter again from Europe, where it was

prevalent, and rinderpest, which almost annihilated the herds of

South Africa, was not allowed to gain a foothold here. Foot-and-

mouth disease had appeared several times, but was turned back
through the vigilance of the Bureau inspectors.

The records kept at these quarantine stations give the date of arriv-

als of animals, port of shipment, name of breed, number received,

and name and address of importer. Large numbers of cattle and
sheep come in from Mexico and also from Canada for feeding pur-

poses, but those landed a1 the Eastern seaboard are principally for

breeding, and are not in large numbers.

INSPECTION OP VESSELS THAT CARRY EXPORT CATTLE.

Reference has already been made to the fact that the Texas fever

regulations governing interstate transportation of live stock were so

efficient as to operate to reduce the losses usually occurring among
export cattle. The reduction was so marked that the chief of the

Bureau was enabled to say in his report for 1890 that

—

On the whole the effect of these regulations has been extremely beneficial. As
compared with former years, but a small amount of th j disease has been reported

either in the United States or among cattle abroad. The losses during the ocean

voyage have been so much less than usual that insurance is said by shippers to

have been reduced over 50 per cent. If this statement is correct, it means a saving

of over a million of dollars to our shippers by this reduction of insurance alone.
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There continued to be losses at sea, however, that seemed to be

unnecessary, and which were due in most cases to the improper con-

struction of the ships engaging in the trade. The ventilation was

very bad, proper facilities for feeding and watering were wanting,

space was badly overcrowded, the ships were sometimes unseaworthy,

and the attendants were often inexperienced and worthless. While

all this was bad enough, there never were such cruelties practiced as

were charged in English papers and documents, inspired partly by

sensationalism and partly by commereial interests. However, the

defects mentioned and many other similar ones in connection with the

ocean transportation of cattle were such as might easily be avoided

under proper supervision. This power of supervision was given by

the act of March 3, 1&91, by which the Secretary of Agriculture was

authorized to examine all vessels which are to cany export cattle from

the ports of the United States to foreign countries, and to prescribe

by rules and regulations or orders the accommodations which said

vessels shall provide for export cattle " as to space, ventilation, fit-

tings, food, and water supply, and such other requirements as he may
decide to be necessary for the safe and proper transportation and

humane treatment of such animals/' Regulations were formulated

in accordance with this act which were acceptable to the British Gov-

ernment. They were modified from time to time as necessities arose,

until now they appear to be all that can be desired. The first result

of their rigid enforcement was to drive the poorer class of ships out of

the trade. Magnificent steel ships were constructed for the cattle

traffic, having every convenience, with permanent fittings built into

the vessels, and all the comforts and safety which ingenuity could

provide. The number of inspections of vessels have averaged about

900 a year.

These regulations, supplemented by the inspection of animals in

the interior of the country and their reinspection at ports of export,

insure the landing of animals in Great Britain in the best possible

condition. It is stated upon authority that, as a direct result of these

improved conditions, the insurance rates on cattle have been rednced

from $8 to less than $1 per head. A saving of $7 per head on the

397,879 exported in 181)8 amounts to ^2,785,15:j, while the expense was

less than $50,000. The work should, in addition, be credited with the

improved condition of live animals delivered.

It is interesting in this connection to note the percentage of losses

at sea of cattle ami sheep since this work was undertaken by the

Bureau. The table on the next page gives the figures.
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Percentages of losses of cattle and sheep at sea, 1891-1899.

Fiscal year.
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upon ante-mortem or post-mortem examination to be affected as fol-

lows: Hog cholera; swine plague; charbon, or anthrax; rabies; malig-

nant epizootic catarrh; pyaemia and septicaemia; mange or scab in

advanced stages; advanced stages of actinomycosis, or lumpy jaw;

inflammation of the lungs, the intestines, or the peritoneum; Texas
fever; extensive or generalized tuberculosis; advanced state of preg-

nancy or recent parturition; any disease or injury causing elevation

of temperature or affecting the system to a degree which would make
the flesh unfit for human food; immaturity, or too young to produce

wholesome meat; emaciation and anaemia sufficient to render meat
unwholesome; distemper, glanders, and farcy, and other malignant

disorders; acute inflammatory lameness, and extensive fistula. Any
organ or part of a carcass of an animal which is badl}' bruised or

affected with tuberculosis, actinomycosis, cancer, abscess, suppurating

sores, or tapeworm cyst must also be condemned.

The carcasses of animals condemned upon post-mortem examina-

tion are properly marked and then placed in a room, which is in charge

of the inspector, to remain until they can be "tanked" or removed
under supervision to a rendering establishment. If the owners

of the carcasses do not consent to such disposition the carcasses are

marked with the condemnation tag, and all express companies and
common carriers are notified of the particulars and warned not to

transport them out of the State. To remove a condemnation tag

renders one liable to prosecution.

All carcasses leaving such establishments for local, interstate, or

export trade are marked with a numbered tag or branding stamp, and
a record kept in detail. Carcasses or parts of carcasses which are to

be used for canning purposes are not to be tagged, but when shipped

from one abattoir to another the cars carrying them are sealed and
tagged on both sides. Each article of food product made from in-

spected carcasses, whether in cans, barrels, firkins, kits, boxes, or

canvas, must bear a label giving the official number of the establish-

ment from which the product came, and also containing the statement

that it has been inspected under the law. All such packages to be

shipped to any foreign country or to another State must have printed

or stenciled on the side or the top the information that it is for export

or for interstate trade, giving the official number of the establishment,

the number of pieces or pounds, the shipping marks, and the date of

the act under which inspected. The inspector then affixes the stamp
of the Department of Agriculture. Certificates are issued by the

inspector for all carcasses examined and for every consignment or

canned meats.

The appropriation acts since 1898 carry a provision " that live horses

and the carcasses and products thereof be entitled to the same inspec-

tion as other animals, carcasses, and products thereof " that are named
in the acts. Only one abattoir for the slaughter of horses was in
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operation during the year that regulations under this provision of law

have been in force. The number of horses inspected was 3,232, of

which number 181 were condemned on post-mortem examination. It

is required that all packages containing horse meat be so marked as

to indicate the fact, and no other animals may be slaughtered at abat-

toirs where horses are slaughtered.

The work of general meat inspection lias had a wonderful growth

during the nine years of its existence. Thenumber of animals inspected

before slaughter was 3,809,459 during the fiscal year of 1892, whereas

the number for the fiscal year of 1899 was 34,405,973. The number of

abattoirs and packinghouses in operation in 1891, when inspections

were begun, was 22. 11 increased in 1802 to 38, and in 1899 to 1-38.

The latter are located in forty-one cities. The following table shows

the number of animals of all kinds which have been inspected before •

slaughter for abattoirs since the beginning of the work:

Nunibi r of animals inspt cted before slaughter for abattoirs having inspection,

1891-1899.

Fiscal year.

1891

1893

L893

im
1893

1897

1898

IS! CI

Cattle.

3,107,009

' :: i .

;

3,862,111

3.752.111

4,050,011

4,289,038

1,552,919

1,654,842

i alves

59,089

92,947

96,331

109,941

213,575

241,092

245,859

Sheep.

583,361

870,512

1,020,764

1,344,031

4,710.190

5,179,643

5,706,092

5,718, Mil

Hogs.

7,964,850

13,576,917

14,301,963

16.813,181

20,713,863

23, 783, 576

Horses.

3.232

Total.

83, 891

3,809,459

4,885,633

12, 944, 056

18,783,000

23,275,739

20,541,812

31,213,966

34, W5,973

While the above table shows an enormous increa.se in the number
of animals inspected from year to year, the number of animals rejected

has not increased in like proportion. This indicates that the farmers

of the United States are placing upon the market a healthier lot of

animals than formerly. A table showing the different species of ani-

mals rejected upon ante-mortem and post-mortem inspections for the

period of 1896 to 1899, inclusive, is given herewith; the figures for

previous years are not considered accurate:

Number of animals rejected upon ante-mortem and post-mortem inspect ions,

189G-1899.

Fis:-a) year.
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The preceding statements do not show all of the work in connection

with general meat inspection. Besides animals inspected for immediate

slaughter, many thousands are inspected for shipment to other cities

and for miscellaneous buyers. The following table shows the mag-

nitude of this work:

Number of animals inspected for shipment io other cities and for miscellaneous

buyers, 1S95-1899.

Fiscal year. Cattle. Sheep.

1895

1896

1897

1898

1899

1,083,013

3,479,512

3,960,967

4,675,318

4,288,562

648,358

1,608,094

2,864,712

4,322,195

3,119,920

Calves.

10,708

101,271

189, 053

227,107

253,404

Hogs.

3,300,042

7,452,863

8, 753, 563

10,896,812

10,455,317

MICROSCOPIC INSPECTION OP PORK.

In 188 L the importation of American pork into Germany, France,

and the principal countries of the continent of Europe was prohibited

on the assumption that it was infested with trichina', and was there-

fore injurious to health. Although it could not be shown that Ameri-

can pork had caused disease, it being manifestly more wholesome than

European pork, and notwithstanding the most vigorous protests by
this Government, the trade was crushed and destroyed. The year

before the prohibition went into effect the United States sold to France

70,000,000 pounds of pork, and to Germany 45,000,000 pounds. For

ten years thereafter American pork was shut out of nearly every

market of continental Europe, and the prohibition was not raised

until the Bureau of Animal Industry began the microscopic inspection

and certification of pork destined for those markets. The trade had

to be built up anew over the prejudices that had been so firmly rooted,

and it has been a slow and difficult process. Vexatious and burden-

some restrictions have constantly to be met, but the trade has con-

tinued to grow notwithstanding. During the fiscal year 1892 there

were 38,152,874 pounds inspected for export, 22,025,098 pounds going

to countries requiring inspection and 16,127,176 to countries not

requiring it, while in 1899 the total shipment was 1*08,928,195, of

which 108,858,149 went to countries requiring inspection and 70,046

to countries not requiring it.

The regulations for this work provide that a microscopic examina-

tion be made of all hog products which are for export to countries

requiring such examination. The following extract from the regula-

tions shows the method of operation:

When the slaughtered hog is passed into the cooling room of said establishment,

the inspector in charge, or his assistants, will take from each carcass three sam-

ples of muscle—one from the "pillar of the diaphragm," one from the psoas

muscle, and the other from the inner aspect of the shoulder, and also from the
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base <>f the tongue when that organ is retained for exportation; and said samples

will be placed in small tin boxes, and a numbered tag will be placed upon the car-

cass from which said samples have been taken, and a duplicate of said tag will be

placed in the box with said samples. The small boxes will be placed in a large

tin box provided with a lock. The boxes containing the samples from the hogs in

the cooling room so tagged will be taken to the microscopist for such establish-

ment, who shall thereupon cause a microscopic examination of the contents of

each box containing samples to be made, and shall furnish a written report to the

inspector, giving the result of said microscopic examination, together with the

numbers of all carcasses affected with trichina?. The samples of pork micro-

scopically examined shall be classified as follows:

Class A.—Samples in which there are no signs of trichinae, living or dead, calci-

fied cysts, or other bodies or substances having any resemblance to trichinae or

trichina' cysts.

( 'lass B.—Samples in which there are disintegrated trichina* or trichina?, cysts,

calcified trichina* or trichinae cysts, or bodies having any resemblance thereto.

Class ('.—Samples in which there are living or dead trichina? bodies not disin-

tegrated.

All carcasses earning within Class (' arc removed from the cooling

room and disposed of by tanking, or they may be rendered into edible

lard at a tempera! lire of 150° F., or made into cooked meat products

If the temperature is raised to the boiling point a sufficient time to

cook thoroughly the interior of Ihe pieces. Carcasses belonging to

Class I> are rejected for shipment, to countries requiring inspection

and certification. In all this work (the microscopic examination, the

cutting up of carcasses, the marking of parts, and the keeping of

records) the most careful and painstaking efforts are maintained.

The result is that the pork exported to countries which require inspec-

tion is not only absolutely l'r*-o from trichina', but has never been

affected by these parasites. The amount of affected pork under

Class 1> and Class C is less than - per cent of the whole amount exam-

ined microscopically.

The following table shows the amount of pork examined microscop-

ically for export to countries requiring the inspection and to countries

not requiring it for the fiscal years 1892 to 1899, inclusive:

Pork inspected microscopically for export, 1892-189&.

Fiscal pear.
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Before this work was undertaken, it was estimated that it would eost

from 15 to 50 cents per carcass, but in fact the cost has been only

about' 6 cents per carcass. The cost per pound of the pork exported

was 0.248 cent in 1894, 0.2 cent in 1895, 0.2G4 cent in 1896, 0.256 cent

in 1897, 0.142 cent in 1898, and 0.182 cent in 1899. There were many
and strong objections to the work of microscopic inspection when it

was begun, but the results have been so gratifying, especially from a

commercial point of view, that not only is there little criticism, but

the applications for inspection are numerous. While there is room
for discussion of the proposition as to whether the packer or the Gov-
ernment should pay the cost of the microscopic inspection, there is no

longer any doubt of the wisdom of having the inspection made, under
the supervision of the Government.

EXPERIMENTAL EXPORTS OB" DAIRY PRODUCTS.

Earty in the }
7ear 1897 a series of experimental exports was begun,

under the supervision of the dairy division of the Bureau of Animal
Industry, by which choice butter and cheese made in the United

States have been offered for sale in various foreign markets in com-
petition with the best products of like kind from other countries.

The object was to obtain information which might be of use to those

wishing hereafter to sell such products in foreign markets. By
practical operations under usual commercial conditions, although

upon a small scale, it was possible to determine the Avants of different

markets, the peculiarities desirable in the products themselves or in

their form of preparation, the incidental expenses, the facilities for

transportation, the effects of long journej's, and the comparative

merits of the dairy products of this and other countries. These

experiments have been continued during the }
rears 1897, 1898, and

1899, the shipments being made weekly most of the time and at

greater intervals for a part of it.

Special agents for the Bureau of Animal Industry have visited

foreign countries to investigate markets and determine where sales

agencies should be established. Exports have accordingly been made
to England, Germany, China, Japan, the Hawaiian Islands, Cuba,

and Puerto Rico.

These trials have resulted in showing that the markets of Great Brit-

ain are by far the best for butter and cheese from the United States, if

these products are to be exported. They offer the most active and con-

tinuous demand, the most discriminating judgment, and the best prices.

American cheese is the equal of any found in British markets, when
it is carefully made and cured, and some lots sell at highest prices;

but collectively, it now occupies a position secondary to the Canadian

product, because of the patronage of the dairy industry by that Gov-

ernment and the official guaranty which it offers as to the purity and

uniform high quality of all cheese exported from (he Dominion.



PROGRESS OF PLANT BREEDING IN THE UNITED
STATES.

By Herbert J. Webber and Ernst A. Bessey,

Division of Vegetable Physiology and Pathology.

INTRODUCTION.

At the beginning of the nineteenth century a few of the most

advanced scientific horticulturists were commencing' to recognize that

plants, like animals, are capable of being improved by breeding.

During the century the knowledge of the factors involved in plant

breeding gradually increased and became disseminated^among prac-

tical American growers. As a natural consequence of this there

came to be a better understanding of the methods of plant breeding

and a greater appreciation of the necessity of securing varieties

adapted to local conditions, and therefore improved sorts of American
origin have been gradually but surely supplanting foreign varieties-

While at the beginning of this period almost all of our cultivated

fruits, cereals, vegetables, and flowers were of foreign origin, an inspec-

tion of the present trade lists shows a marked increase of native sorts

and a corresponding decrease of foreign sorts. In the case of flowers,

for the production of which artificial conditions largely are main-

tained, home-produced sorts vie in numbers with those from abroad.

In cereals and vegetables a majority of the most extensively grown
sorts are of American origin, and in fruits, upon which probably the

most attention and skill have been brought to bear and the greatest

stimulus given by well-organized societies, the native sorts have
almost entirely taken the place of the foreign ones. "In the begin-

ning of the colonization of this country," writes Bailey, "all the
varieties of apples were of European origin. But in 1817, over 60 per
cent of the apples recommended for cultivation here were of American
origin, that is, American-grown seedlings from the original stock.

At the present time [1895], fully 90 per cent of the popular apples of

the Atlantic States are American productions."

The same increase of American sorts has taken place in the case of

pears. As early as 1853 Hovey wrote: "It is certainly somewhat
remarkable, as it is surprising, that, in the course of twenty-four
years, a larger number of really fine pears have been brought to

notice, of American origin, than have been introduced from Europe in

the same time, or we think we might safely add, in the last fifty years."

While in plums the American seedlings of the European and Japanese
1 A 99 30 465
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species rival the sorts of foreign production, the improved sorts of

our native species and hybrids of these with the Japan and apricot

plums are rapidly increasing and will probably soon predominate in

this industry. In the cultivation of grapes, raspberries, blackberries,

etc., little advance was made until our native species were taken up
and improved. All of these have been profoundly modified and
improved as the result of merely half a century of cultivation and
breeding.

It is interesting to note that the present century has witnessed the

first introduction and wonderful amelioration of some of our now
most important plants. A striking instance of such a plant is the

tomato, which is said to have been first brought from Santo Domingo
to Philadelphia in 1798, but was not sold in the markets of that city,

according to Manning, until 1829, and did not come into general use
in the North until some years later. Tomatoes were introduced into

Salem, Mass., by an Italian painter, Micnelo Come, in 1802; but he was
said to have had difficulty in persuading the people to eat them.
They were, however, used as an article of food in New Orleans in

1812. The wonderful amelioration of the tomato has thus taken
place wholly within the memory of men now living, and it is not an
uncommon thing to find aged people, particularly among the pioneers

of the West, who remember when the tomato was cultivated as an
ornamental plant, but not thought to be valuable for food. The
tomato is therefore an excellent illustration of what a century of

plant breeding may accomplish.

The flowers now so extensivelygrown were hardly known a century

ago, when different varieties were just beginning to appear. The mod-
est chrysanthemum or the carnation of that day would hardly create

a sensation in our modern flower markets. The immense cut-flower

trade and the hosts of elegant varieties adapted thereto are the

results of less than a century of plant breeding. The greenhouse

has exerted a marked influence on the plants which are thus grown,

as special varieties are demanded, and the skillful cultivator breeds

and selects till he secures what is desired. In all forcing-house

industries special varieties adapted to this sort of culture have
sprung up. The changes which have already been wrought are the

wonder of naturalists and laymen alike, but the end has not yet been

reached. Everything indicates increased activity in the near future.

Recent developments, obtained bjr a few independent experimenters,

have forcibly called attention to the great improvements which skill

and patience may achieve in this field, and a renewed interest in such

mailers is very evident throughout the country.

EARLY AGRICULTURAL AND HORTICULTURAL CONDITIONS.

In the early settlement of America agriculture was limited mainly

to the cultivation of such plants as were known to the settlers in their
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Old "World homes. Each expedition brought seeds and plants to use

in starting agricultural industries, and subsequent importations of

desirable varieties continued to be made; hence, the attention of the

settlers was largely given to testing these experimentally to determine

their usefulness. The different conditions obtaining in America from

those found in Europe, from which latter place most of the introduced

soils came, rendered the outcome of the early attempts very uncer-

tain. No exact record of the agricultural development during this

period exists, but it is probable that the early introduced varieties of

the various annual crops (cereals, vegetables, etc.) went through a

gradual evolution and adaptation to condition-- by seed selection from

those plants and strains found to do the best. This selection, which

the settlers almost certainly exercised, probably did not have any

definite improvement or change in view other than to secure the best

and most vigorous seeds. Some of our now most important agricul-

tural crops, like corn and tobacco, are native American plants, and
their main improvement consequently dates from the discovery of

America. In some places, however, the Indians had developed a

comparatively high state of agriculture, and many sorts of such

native cultivated plants were obtained from them, as, for example,

the Golden Sioux, King Philip, and Tuscarora races of Held corn.

An early sweet corn is also recorded as having been obtained from the

Indians. According to one account it was round and introduced into

Connecticut by an officer in General Sullivan's expedition against the

Indians in the Genesee country in 1779. Accordingto another account

it was introduced into Massachusetts by Capt. Richard Bagnol, of

Plymouth, who obtained it from 1 he country of the Susquehanna on

his return from the Sullivan expedition. The Six Nations, against

which the Sullivan expedition was -cut, had made considerable prog-

ress in agriculture, and are known to have cultivated large fields of

corn. Besides this, they are said to have had ''gardens of beans, peas,

turnips, cabbages, melons, carrots, parsnips, and potatoes."

The earliest attempts at fruit growing in America were mostly

failures. The varieties grown in early days were nearly all of Euro-

pean origin. The recorded history of American horticulture may be
said not to have begun until the publication of Bernard M'Mahon's
American Gardener's Calendar in 1S0G. At this comparatively late

date native varieties had already become prominent, about GO per

cent of the 50 varieties of apples catalogued being of American origin.

Even at this time, however, very great efforts were still being made
to extend the range of cultivated products by introductions, the only

very definite method by which the securing of new sorts was
attempted. It was a costly experiment, however, and to a great

extent disappointing. AVilliam Kenrick, in a letter to General Dear-
horn (quoted from Robert Manning), says: "From among 150 varie-

ties imported into Boston by Eben Preble, about 1805, the only
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additions to the list of desirable kinds were two cherries—the Black

Tartarian and White Tartarian, and a single pear."

If we had to-day only the apples and pears known at the beginning

of the century, the present extensive apple culture of the prairie States

and the Northwest and the pear culture of the South would be wholly

impossible. American varieties, the result both of chance discoveries

and of the most careful and complex methods of plant breeding, have
almost entirely supplanted the introduced varieties, and are destined

to become even more important; To-da}' we look upon plant intro-

duction as being to a large extent a means to an end. Russian apples

are being extensivety introduced, not wholly with the idea that they

may become important commercial sorts themselves, but that select

seedlings from them and hybrids between them and native varieties

may be obtained, and through these the desired hardy, cold-resistant

sorts of good quality.

In the culture of strawberries, raspberries, gooseberries, grapes, etc.,

no material progress was made until the improvement of the native

species was begun. All these fruits went through an initial stage of

depending upon foreign varieties, and following this an era of im-

provement, during which, by careful breeding of the native species

and infusion into them of the improved European blood by hybridiza-

tion, strains better adapted to American conditions were obtained.

This change from an almost total reliance upon introduced varieties

to a marked supremacy of sorts originated here has taken place almost

wholly within the past century.

EARLY METHODS OF PLANT BREEDING.

The early settlers probably practiced crude selection in growing

their plants, as anyone, whatever his degree of intelligence, will un-

consciously do. It is this unconscious selection of individual plants

through centuries that has led to the important changes which have

taken place in our principal cultivated plants. So marked has been

this amelioration that in very many instances the wild forms can not

now be recognized and are unknown, the most careful study of mod-
ern scientists having failed to reveal the orig-inal types.

The necessity of having varieties adapted to existing conditions

was early understood, as was also the necessity of selecting the best

seed. Manning, in the History of the Massachusetts Horticultural

Society, says: "And in 1C21 the governor requested Massasoit to

exchange some of their corn, for seed, with ours, that we might judge

which best agreed with the soil where we lived. The natives were

acquainted with the advantage of selecting the finest ears of corn for

seed, and taught the settlers to do the same. They possessed vaiiei Lea

adapted to the warmer or colder parts of the country."

We are inclined to think of plant breeding as based on old and
well-established laws. The fact is, however, that the fundamental
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principles of intelligent plant breeding were not made known until

the latter part of the eighteenth century. The sexuality of plants

was not established until proved experimentally by Camerarius in

1691, and the first hybrid of which Ave have any record was not made
until 1710, when Thomas Fairchild, an English gardener, crossed the

carnation with the sweet william.

Our first exact knowledge of hybrids dates from about 1761, when
Koelreuter began publishing the results of his observations. His

work was entirely scientific, however, and had but little bearing on

practical plant breeding, though it served to pave the way for the

valuable work, soon to follow, of Thomas Andrew Knight (PL XXXVI),
the eminent English plant physiologist. The systematic breeding of

plants may be said to have begun with the work of Knight and Van
Monsabout the beginning of the nineteenth century. Knight was the

first to show the practical value of crossing and hybridizing in the

production of plant varieties. In 1806 Knight said: "New varieties

of every species of fruit will generally be better obtained by intro-

bicing the farina of one variety of fruit into the blossoms of another,

man by propagating any from a single kind.'
1

Another important idea emphasized by Knight, and now quite gen-

erally accepted, is that one of the principal factors causing or inducing

variation in plants is an increase of food supply or a modification

thereof.

In one sense Knight may be recognized as the father of plaid breed-

ing, no other experimenter having contributed so much toward the

development of the present system. Of almost equal importance,

however, was the work of a contemporaneous Belgian horticulturist,

.lean Baptiste Van Mons, who emphasized mainly the principle of

selection. His theories were published in various papers, but mostly

in his Arbres Fruit iers in L835. His method of obtaining new varie-

ties of fruit was to gather seeds from young trees in a state of varia-

tion, taking the finds before they were fully ripe and allowing them
to rot, with the idea that this would tend to "subdue or enfeeble"

the tree, a factor which he thought to be of primary importance.

These seedlings were then grown in a seed bed until they were large

enough to enable him to judge of their character. lie then selected

the promising ones and planted them in nursery form a feAv feet apart,

where they could be fruited on their own roots. When these selected

seedlings fruited, seeds were taken from the first fruits of the most
promising and sown, the same process of selection being exercised in

this second generation, and so on through several or many genera-
tions of selection till success was attained. The whole process is

expressed in his own words as follows: "To sow, to re-soAv, to sow
again, to sow perpetually, in short to do nothing but sow, is the prac-

tice to be pursued, and which can not be departed from; and in short

this is the whole secret of the art I have employed."
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As to the theory of selection, time has justified Van Mons's conclu-

sions, with some modifications, but some of the ideas he advanced
have been abandoned. lie claimed that the older varieties of good
fruit generally yield inferior seedling sorts, while new inferior varie-

ties reproduced uninterruptedly for several generations would cer-

tainly yield good fruit. In these claims the results of recent years
have shown him to have been somewhat in error. The general theory

now advanced and used is to select seed for planting from the best
fruits of the best tree of the best variety.

The importance of selection in improving varieties was well recog-

nized before the publication of Van Mons's great work above referred

to, and while the main credit of establishing the principle of selec-

tion is due to Van Mons, yet other independent workers accomplished
nearly as important results. Bailey, in his Survival of the Unlike,

called attention to the work done by Joseph Cooper, of Xew Jersey,

in the closing years of the last century. Cooper's observations, re-

corded in a letter written in 1799 and published in the first volume of

the Memoirs of the Philadelphia Society for Promoting Agriculture,

show that he thoroughly understood the action of selection in produc-

ing changes in varieties. As an illustration, he says: "A striking

instance of plants being naturalized happened by Colonel Matlaek
sending some watermelon seed from Georgia, which, he informed me
by letter, were of superior quality. Knowing that seed from vegeta-

bles which had grown in more southern climates, required a longer

summer than what grew here, I gave them the most favorable situa-

tion, and used glasses to bring them forward, yet very few ripened to

perfection; but finding them to be as excellent in quality as described,

I saved seed from those first ripe; and by continuing that practice four

or five years, the}T became as early watermelons as I ever had."

It is probable that many other advanced horticulturists of that

period understood and used selection in an intelligent manner. The
directions given in 1822 by James Thatcher, in his American Orchard-

ist, for the selection of seeds in attempting to produce improved
sorts, would be regarded to-day as better than the recommendations
given by Van Mons. "The seeds for planting," Thatcher wrote,

"should always be selected from the most highly cultivated fruit, and
the fairest and ripest specimen of such variety." Thatcher also

described Knight's method of forcing seedlings into fruit by grafting

them, and the use of hybridization in the production of varieties. It

will thus be seen that even at this early date (1822) the fundamental
principles of plant breeding had apparently become the common prop-

erty of American agriculturists and horticulturists.

EVOLUTION OF METHODS OF PLANT BREEDING DURING THE
NINETEENTH CENTURY.

It has been seen that the fundamental laws of plant breeding were

fairly well understood at the beginning of the century and had come
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to be expounded in horticultural text-books and papers; It must be
borne in mind, however, that it requires years for scientific principles

to become thoroughly understood and widely disseminated, so that

they form a part of common practice. The early native varieties

were largely chance seedlings, and there now seem to be very many
choice fruits—pears, apples, grapes, etc.—which originated in this way.

However, thousands and even millions of worthless wrtd seedlings, of

which we have no record, have grown and perished, and in reality

only one here and there excels and survives.

During the first fifty years of the century almost the sole method
of breeding was to select seeds from the best fruits and raise numer-
ous seedlings, which, when they fruited, were carefully examined, and
those selected for further propagation which produced desirable fruits,

of better quality than the parent sorts. One of the earliest syste-
t

matic attempts of this sort known to the writers is thus described in

the Magazine of Horticulture of 1847: "In the fall of 1817, and in the

following spring, Governor Edwards planted the seeds of pears, with

th" design of obtaining new and superior varieties of this fruit. In

doing so, he selected the seeds of the best winch could be procured,

including many sorts, but the number was then very limited compared
with our day." This being one of the first systematic attempts in

this country to secure improved sorts, it was largely ridiculed. The
results obtained, however, were of great value, as from some forty

- thus produced several fairly good sorts were secured, among
them being the Calhoun, Elizabeth, Dallas, Henrietta, and Citron.

In early days, furthermore, up to the fifties, orchards were to some
extent made up of ungraded seedlings. When a particularly good
fruit was produced its seeds were carefully preserved and planted,

and some varieties were reproduced in the main true to seed. Immense
numbers of seedling apples were thus grown, and furnished excellent

opportunity for selection, but only a few produced superior fruit or

new varieties. In 1845 Rev. Henry Ward Beecher wrote from Indiana
to 1 he Magazine of Horticulture: "An immense number of seedling

trees are found in our State. Since the Indiana Horticultural Society

began to collect specimens of these, more than 150 varieties have been
sent up for inspection. * * * Of all the number presented, not
six have vindicated their claims to a name or place—and not more
than three will probably be known ten years hence."

Improvement by selection, in the strictest sense of the term, has
been employed mostly with annual plants, such as wheat, corn, cotton,

etc., and the methods used have been gradually perfected in different

industries, until in some, as in the sea-island cotton, all growers make
annual selections with the utmost care to maintain and perfect the
strain they grow. Very careful methods of selection have also been
devised to develop and improve corn, and many of the most produc-
tive and valuable races are the result of continuous selection through
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numerous generations. In such selection the greatest care is taken

to secure impregnation with pollen from vigorous, productive plants.

To insure this the field in which selections are being made is carefully

gone over when the first silks and tassels begin to appear, and all stalks

are cut out which are not vigorous and well formed and which do not

show indications of being productive. By this practice it is brought

about that fertilization is effected by pollen from vigorous, productive

stalks only. The final selections are made in the field when the corn

ripens, the seed ears being taken from the most productive and vigor-

ous stalks that are true to the type that the breeder is selecting to

establish.

In selecting wheat to improve the strain the early attempts were

mainly confined to simpty taking the largest grains—a practice which

is now recognized as failing in the primary factor of considering the

productivity and vigor of the individual plant. Many experimenters

in this country have worked on the improvement of wheat by selec-

tion, but in general with rather indifferent success. Recently, how-

ever, Professor Haj's, of the Minnesota Agricultural Experiment Sta-

tion, has used a very careful method of selecting wheat, grown in

nursery form, which has given valuable results.

Hybridization and cross-fertilization in improving plants were very

little utilized in the first half of the century. Knight had started

the leaven, however, and in some directions it had shown results.

The idea gradually became current that there was too much chance

in raising seedlings of unknown parentage. Still, as late as 1857, we
find the Rural New Yorker giving the following directions in regard

to raising new fruits: "Eminent pomologists disagree on this subject.

Our advice, however, is to plant the best seeds of the finest varieties,

take good care of the plants, and trust to Providence for the result.
1 '

Considerably before this time, however, the most advanced plant

breeders had given rather different directions. In 1836 A. J. Down-
ing, one of America's best-known pomologists, wrote :

' 'Assuming Pro-

fessor Van Mons to be strictly correct, we would suggest that a great

saving of time and a considerable improvement in quality and vigor,

might be gained by calling in cross fertilized ioti to the aid of the culti-

vator, as soon as the fruit of the trees (say the second generation)

begins to show symptoms of amelioration. By impregnating them
with the pollen of the finest varieties, we conceive that the next gen-

eration would produce excellent fruit, and at a saving of twenty or

thirty -years." In 1844 C. M. Hovey, one of the most successful of

all American horticulturists in the production of improved sorts,

said with regard to the grape: "Without stopping to institute an

inquiry into the merits of his [Van Mons] theory, compared with that

of artificial impregnation, as practiced by Mr. Knight and others, avc

shall recommend to those who would raise seedlings, the importance

of commencing with the Isabella or Catawba, for one of the parents,
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and impregnating them with the Sweet Water, Chasselas, or some other

early foreign variety. The results will he obtained in a shorter

period, and, we believe, equally as favorable as by the method of suc-

eessive generations alone." In 18G0 Marshall P. Wilder, in his presi-

dential address before the American Pomological Society, gave advice

regarding the origination of varieties in almost exactly the same
words that might be used to-day: ' k

It was my first, so it shall be my
continual and last advice;—Plant the most mature and perfect seed of

the most hardy, vigorous, and valuable varieties, and, as a shorter

process, ensuring more certain and happy results, cross or hybridize

your best fruits/'

The first record which we have been able to find of the production

of a hybrid variety in America is given by Manning, in the History of

the Massachusetts Horticultural Society, as follows: " Probably the

first attempt in this country i<> produce a new fruit by cross-fertiliza-

tion was by William Prince, who raised the Prince's St. Germain [pear]

from seed of the old St. Germain impregnated by the White Doyenne,
about L806." One of the most successful early attempts in using

hybridization was by ('. ft£. Hovey, in the improvement of the straw-

berry, his first hybrid seedlings having been brought to notice in

L838. He was eminently successful in obtaining good varieties by
this method, and his success led to the extensive use of hybridization

in the improvement of this fruit.

In this connection, it is interesting to note that a striking success

achieved by any intelligent cultivator in producing valuable varieties

of any plant has often led to the general adoption of his particular

methods by other breeders of the same plant. Van Mons's success in

originating pears byselection led to this method being inainty used in

breeding this fruit. Allen's success, in 1854, in producing a good
hybrid grape doubtless stimulated the adoption of this method in

preference to other methods in improving the grape.

Since the middle of the century the advance in methods of improv-
ing plants has been altogether in minor factors. The early hybridizers

often used a mixture of pollen, believing that it was possible for the

same seed to be influenced by pollen from several varieties, or species.

The details of the process of fecundation Mere not well worked out at

that time, and it is not surprising that early experimenters frequently

erred in their conclusions ami were thus led to pursue false methods.
With the gradual increase in knowledge of the methods of fecundation

the idea of the effectiveness of using two kinds of pollen at the same
time was abandoned, and in casting about for other methods of secur-

ing the results sought growers evidently began the practical use of

compound hybrids, as the method came into practice about this time.

Numerous hybrid rhododendrons, begonias, etc., contain the blood of

several species, mingled with the definite idea of securing in the off-

spring certain characteristics from each parent. Compound hybrids
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have been particularly valuable in grapes, among the numerous excel-

lent sorts of such hybrids being Lady Washington. Brighton, and

Brilliant.

Another important factor in the application of hybridization to

securing improved strains, and one which has but very recently become
prominent, is the securing of what have been termed dilute hybrids,

that is, hybrids containing more blood of one variety than of the other.

If in any hybrid the character of one of the parents is found to be too

pronounced to give a successful combination, it is crossed with the

other parent, the result being a three-fourths hybrid, that is, a hybrid

deriving three-fourths of its characters from one of the original parents

and one-fourth from the other.

The value of selecting distinct parents and introducing new species

into combination with old ones was early recognized, but mainly

among florists, where a change of color was desired. In 1836 Hovey
called attention to the change in color produced in calceolarias by the

introduction of a different-colored species. "It was not until the

introduction of a purple species, C. purpurea, in 1827," writes Hovey,

"that any variation took place in the color of the flowers; the pre-

viously introduced ones being yellow, of course no other shade wa3

produced until the impregnation of the former with the latter. At
the present time, however, plants are to be found of almost every tint,

from the palest yellow to deep orange, and from light red to bright

scarlet, as also, two or three of these shades distinct in the same
flower." The results of more recent work have emphasized the

importance of using very distinct parents when marked changes or

new creations are desired. The improved strains of begonias and

roses resulting from the introduction of Begonia socotrana, Rosa

rugosa, and E. irichuraiana, and Burbank's walnut hybrids (crosses

of Juglans californica, J. regia, and J. nigra) illustrate the impor-

tance of this practice. This has led in recent years to the extensive

introduction of and experiments with various wild species of common
cultivated plants, and the field here opened to the horticulturists and

florists is one of promise.

The importance of growing hybrids through several or at least two

generations, in order to secure greater variation, particularly where

the hybrid is from widely distinct parents, was scientifically demon-

strated by Naudin and Nageli in 18G5. The practical importance of

this discovery, however, has come to be thoroughly understood and

appreciated by American plant breeders only in the closing years of

the century.

In very recent years there has been much discussion of the ques-

tion of the improvement of certain cultivated plants by selection of

the vegetative parts used in propagation. It seems to have been

proved beyond question that certain plants can be greatly modified in

this way, particularly as to vigor and productiveness. This method
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of improvement seems likely to play a very important part in the

future by aiding to secure strains of standard sorts suitable for

growth in special localities and varying but slightly from the original

varieties.

IMPROVEMENTS EFFECTED DURING THE NINETEENTH CENTURY.

Iii the present paper it is possible to call attention to only a few of

the most important improvements illustrative of the advances made
in certain fields of agriculture and horticulture. In early days, as

previously indicated, the majority of the native varieties introduced

were merely chance seedlings, which grew uncared for until their

good qualities were discovered, when they were brought into cultiva-

tion. The sorts obtained in this way are not primarily due to plant

breeding, being simply the result of intelligent choice of chance-sown ,

plants, ye! some ol* these varieties have had a marked influence on
the development of certain industries. Of far greater importance,

however, has been the introduction of varieties which have been pro-

duced by careful methods of selection, carried through from one to

many general ions.

Hybiidization also has already had a very marked effect in the

development of many cultivated plants, and in the future it will

doubtless be extensively utilized in securing desired modifications.

IMPROVEMENT IN ORA.1

The grape has been very much improved by American cultivators

and furnishes an excellent illustration of the great amelioration which
maybe obtained in a comparatively short period. For many years

after the settlement of America the only grapes cultivated were of

European origin. Numerous trials, however, proved that these were
not hardy in Eastern America, and that they soon succumbed to

attacks of Phylloxera and other diseases. Curiously enough the
native American grapes, which were found in great abundance
throughout the eastern part of the country and attracted consider-

able attention, were for years neglected, and it was only after the

failure of the European sorts had been demonstrated that the native
sorts were brought into cultivation. The first of these to attain
prominence was the now famous Catawba, which was found wild in

North Carolina in 1802, and was brought into general notice by Maj.
John Adlum, of Georgetown, D. C. A few years later the Isabella,

another wild grape, was introduced, and after the success of these
two sorts had been demonstrated many other wild forms were brought
into cultivation.

Apparently very little systematic effort was made to improve the
grape until the appearance of Pond's Seedling in 1835. The time of

its introduction is worthy of notice as being the beginning of a period
of planting seeds of the native species for the purpose of mating
selections.
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The greatest advance in grape culture in this country is without

doubt due to the famous Concord, which was also produced by selec-

tion. About the year 1840, Mr. Ephraim Bull, of Concord, Mass.

(PI. XXXVI), found growing on his grounds a wild grapevine, which

was apparently a seedling from some wild grapes that had been

scattered about his place by boys the preceding year. He took up the

vine and moved it to his garden, giving it good care until it fruited

in 184-% the fruit, which was of good quality, ripening as early as the

latter part of August. He was so impressed with the superior quality

of this fruit and the lack of foxy flavor that "the idea at once occurred

to him that another generation would be a still greater improvement."

Following this out, he planted seeds of this grape, obtaining a num-
ber of seedlings. One of these, which fruited first in 1849, was so

markedly superior to the others that it alone was preserved, later being

named the Concord. This grape, because of its vigor, productiveness,

and fine quality, at once became very popular. Not only has the variety

proved of great value itself, but it has been the parent of a great num-
ber of varieties, many of them of considerable merit. Probably the

best known of these are the Worden and Moore's Early. Mr. Bull con-

tinued to plant seeds of the Concord }
7ear after year until he had pro-

duced over twenty-two thousand seedlings, but of these there were

only twenty-one which he recommended for cultivation, and none of

them have become as popular
1

as the parent variety.

In the last twenty years very many varieties of the grape have

been produced, but no select seedlings of striking importance have

appeared, the good new varieties being mainly hybrids. In this con-

nection it is worthy of notice that the grape owes more to hybridiza-

tion than does any other fruit. The Delaware grape, which is even

yet a standard of excellence, is probably a natural hybrid, containing

some blood of the fine European grape. This was found in a garden

of foreign grapes in New Jersey about the year 1850, but received its

name from Delaware, the Ohio town in which it was first brought to

general notice. It is undoubtedly the best of our chance seedlings,

and was the last introduced that proved of much merit.

Many of our most widely cultivated varieties of grapes, such as the

Salem, Niagara, Brilliant, etc., which are common sorts in the mar-

kets, are the results of careful hybridization. The first hybrid grape

produced in this country, known as Allen's Hybrid, was introduced in

1854, and was a cross of the Isabella with a European variety, sup-

posedly Golden Chasselas. This is the epoch-making grape as far as

hybrids are concerned. It was regarded with much interest because

of its fine quality and appearance, and while the bright hopes regard-

ing it were never realized, it was of the greatest importance, as it

served to stimulate the improvement of grapes by hybridization.

Shortly after this E. S. Rogers, of Koxbury, Mass., began introducing

his new hybrid varieties, the first being sent out in 1850. His Salem
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is an excellent chest"nut -colored sort, and is probably the most exten-

sively grown of any hybrid grape. Rogers was closely followed by
Ricketts, Burr, Caywood, Moore, Rommel, Stayman, and several

others, who were very active in the production of new sorts, mainly

hybrids, and more recently still, by T. V. Munson, of Denison, Tex.,

who has probably conducted the work on a more extensive scale than

any other experimenter in this held. Munson has already sent out

thirty-six new varieties, for the most part hybrids, and is still actively

engaged in the work.

A tabulation of the grapes described in Bush & Son & Meissner's

Grape Grower's Manual shows that, of 55-4 varieties described, 287 are

hybrids, 141 select seedlings, 57 chance seedlings, 08 of unknown ori-

gin, and 1 a sport. Considering those of known parentage, 59 per

cent are hybrids, 2'.) per cent select seedlings, and 12 per cent chance,

seedlings. These figures show the marvelous extent to which hybrid-

ization has affected the improvement of the grape.

IMPROVEMENT IN PEARS.

One of the first native varieties of pears to be introduced was the

Seckel, which has remained to the present time our standard of excel-

lence. It was found near Philadelphia during the eighteenth cen-

tury, apparently being a chance seedling. Many other early native

varieties introduced were obtained in this way, among them Tyson,

Andrews, and the Columbia Virgoulouse, the last named remaining

a popular pear for a considerable time. It was not long, however,

before the practice of planting seeds of the best fruits and selecting

from the resulting seedlings came to b,e adopted in the improvement
of the pear. One of the first attempts of this kind to attract attention

was that of Governor Edwards, of Connecticut, as mentioned elsewhere.

Probably the most systematic and successful attempt at growing seed-

lings for selection was that made by Mr. Dana, of Massachusetts. He
planted seeds of the best varieties and raised five or six thousand
seedlings, from which he obtained many good varieties, the best being
Dana's Hovey, introduced about 18G0. It is worthy of note that Dana
always planted the seeds of the best varieties, a practice directly oppo-
site to Van Mons's theory, and yet succeeded in producing many good
sorts.

The pear owes but little of its development to artificially produced
hybrids, and yet in no other fruit have hybrids played such an impor-
tant role. The Kieffer, Le Conte, and Garber, all wideby-grown com-
mercial pears, through which this industry has been greatly extended,
are naturally-produced hybrids of the European pear and the Chinese
sand pear.

The European pear, noted for its excellent qualitj7
, succeeds admir-

ably on the Pacific coast, but has never proved wholly satisfactory in

the Eastern States, and can not be successfully grown on a commercial
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scale south of Virginia. The Chinese sand pear comes from a region

having climatic conditions very similar to those of the Eastern and

Southern States, and thus finds here a congenial home. The fruit

is of poor quality, however, and the variety is grown only as an orna-

mental tree and for stocks on which to bud other sorts. The Kieffer

and Le Conte are both seedlings of the Chinese sand pear, and from

their characters show that the seeds from which they grew must have

been accidentally crossed with the pollen of some good variety of the

European pear. It is probably to the father parent, the European
pear, that is due the improved quality of the fruit, while the vigor and
adaptability to growth in warm climates evidently come from the

mother parent, the sand pear. These hybrid sorts practically revolu-

tionized pear culture in the Eastern United States, extending the limit

of profitable commercial pear growing several hundred miles south-

Avard. From Virginia to Florida these varieties grow luxuriantly and
have practically driven out all other sorts. Even as far north as

Philadelphia the Kieffer is by far the most important commercial

variety.

IMPROVEMENT IN APPLES.

Among apples, as in the case of pears, the variety that is consid-

ered to be a standard of excellence, the famous Newtown Pippin, was

obtained as a chance seedling. It was introduced to notice about

two hundred years ago. The Baldwin apple, which has exercised

such an important influence on the apple industry, was also a chance

seedling, which sprang up about 1742 on the farm of Mr. John Hall,

in eastern Massachusetts, and was brought into general notice by a

Colonel Baldwin, from whom it took its name. This apple proved to

be of such importance that its origin has recently been commemo-
rated by the erection of a monument on the spot where the original

tree stood.

Many other chance seedlings have proved to be of great value, but

a large proportion of the varieties of most importance, obtained dur-

ing the nineteenth century, are the results of selection either of

seedlings grown for the purpose or from seedling orchards. Of these

may be mentioned the Northern Spy, originated in Xew York about

1800; the Jonathan, introduced in 1829; the Summer Bellflowcr, and

many others.

One of the important problems which has recently taxed the skid

of apple breeders has been to secure varieties suitable for growth in

the northwest prairie region. The Wealthy apple, the first variety

to meet this condition, furnishes one of the most striking examples of

improvement in apples effected by planting numerous seeds and

selecting from the seedlings. About the year 1855 Mr. Peter M.

Gideon, of Minnesota, began fruit culture, planting fruit trees of

various kinds, among them thirty named varieties of apples, and also

a bushel of apple seeds. Each succeeding year for nine years he
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planted more trees and also enough seeds to produce about a thou-

sand Hers each year, but the cold winters kept killing- them off until

at the '-nd of the ten years there was left only one small seedling crab.

All of Mr. Gideon's neighbors gave up the attempt to grow fruit,

characterizing it as an impossibility, and urged him to do the same,

but lie persisted and sent to Bangor, Me., for scions and seeds. From
the seeds of the Cherry Crab thus obtained one seedling proved hardy

ami was named the " Wealthy." Upon these varieties the apple cul-

ture of the northern Mississippi River region has been built. Within

very recent years there has been great activity in hybridizing our

differenl varieties of the apple with the varieties of Russian apples

recently introduced and with the native wild crab, the object being

to obtain hardier varieties. This line of experiment, started in the

closing years of the century, will probably in a few years yield results

of the greatest practical value.

IM : T IX PLUMS.

For many years plum culture in America was almost entirely limited

to the cultivation of introduced varieties of the European plum, but

Fk;. -.'.—Pluras showing difference between hybrid and parent: Hybrid plum Golden at right
and mother parent Robinson at left, natural size I sifter Burbank).

little attention being given to the origination of native sorts, as, in the

main, the finer foreign sorts succeed fairly well in the limited area in

which the European plum can be grown. Xevertheless, some attempts
were made, and in Canada Henry Corse grew thousands of seedlings
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for several years previous to 1840 with the hope of procuring something

which would excel existing varieties. From this great number he

selected several which promised well, and to four, of whose excellent

quality there was no doubt, he gave the names Dictator, Victoria,

Colonel Wetherell, and Nota Bena. About the middle of the century

the value of our native species came to be recognized. Many selected

chance seedlings were brought into cultivation, and it is to these that

we owe the development of our native species of plums, nearly all the

best-known varieties of which were obtained in this manner.

It is only recently that any attempt has been made to improve our

plums by artificial hybridization, and this attempt has been brought

about mainly by the introduction of the Japan plum (Prumis tri-

flora), which has entered into most of the valuable combinations

thus far produced. The first Japan plum grown in this country, the

Kelsey, was not introduced until 1S70. The great activity in intro-

ducing the Jax>anese varieties and crossing them with American sorts

did not begin, however, until several years later, but, according to

Professor Waugh, the Japan plum already constitutes one parent of

twenty-seven hybrids which have been found valuable and named.
The introduction of this plum and its use in hybridization bids fair to

be of the greatest importance to the plum industry. Luther Burbank,
of California, was the pioneer in plum hybridization, and has pro-

duced very many valuable sorts, such as the Golden (fig. 22), Juicy,

and America (crosses of Robinson with Botan). The apricot plum,

another species, has also been used a number of times by American
experimenters in crossing with the Japan plum, and has yielded such

fine combinations as the Climax, Chalco, Late Conical, and probably

the Wickson, all of which were produced by Burbank. Some valu-

able hybrids of our native species have also been produced, but they

are not so promising as hybrids with the Japan plums.

IMPROVEMENT IN RASPBERRIES.

The varieties of raspberries cultivated in this country are almost

entirely of the native species, it having been found difficult to grow

the European varieties. Accordingly, we find that our first varieties

are derived mostly from wild plants picked up in the woods and the

fields and brought into cultivation. Among those thus cultivated,

probably the first to be named and generalty distributed was the

so-called English Red, which was really a native American variety.

Among other chance seedlings are the Ohio Everbearing, Catawissa,

and Cuthbert. The last named was found growing in a garden in

Riverdale, N. Y., in the latter part of the seventies, and soon became

a popular sort.

The systematic improvement of the raspberry by growing seedlings

for selection was much retarded by the earlier growers of this fruit

attempting to make use of the European instead of the native species.
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In the meantime, however, many wild plants of the American species

were domesticated on farms and in gardens. Among- the early experi-

menters with this fruit was Dr. Brinckle, of Philadelphia, who pro-

duced a great many varieties, but onl}* one which proved important.

This was the Brinckle's Orange, produced in 1S44. from an English sort

known as Dyark's Seedling. It has proved to be a very popular berry,

and has been widely grown, being one of the very few varieties of the

European species to prove hardy in America. Soon there appeared

other varieties, many of them being seedlings of foreign sorts, but prob-

ably in many cases accidentally crossed with the native species. Most
of the varieties now grown, however, are improved varieties of the

American species.

In the last quarter of the cent my several valuable hybrids have been
introduced which have become popular sorts. Among these may be «

mentioned the Dictator (Gregg crossed with Schaffer)and the Caroline

(Brinckle's Orange crossed with Black Cap).

IMPROVEMENT IX BLACKBERRIES.

The blackberry, as a cultivated plant, is entirely an American pro-

duction, and we owe nothing to the European plant breeders so far as

it i-> concerned. All the earlier varieties were merely wild plants

taken up and set out in the garden. One of the first attempts to

improve the blackberry was that by Mr. Lovett, of Massachusetts, who
for many years attempted to find good plants and bring them into cul-

tivation. It was not until 1850, however, that the Dorchester, the first

variety to be named, was introduced. In 1S54 a berry was introduced

that marked an epoch in blackberry culture, and showed what the

fruit was capable of becoming. This was the Lawton, or New Roehelle,

as it is often called. It was found by the roadside near Xew Rochelle,

X. Y., and was introduced by Mr. Lawton. This berry long remained
popular, but its place was finally taken by Wilson's Early, also found
as a wild plant.

The culture of the blackberry is still in its infancy, and compara-
tively little attention has been given to its improvement. Quite a

number of hybrid varieties, such as Iceberg, Autumn King, Minne-
waska. etc., have been introduced, but none have as yet become very

well known.

The raspberry and blackberry have been repeatedly hybridized by
experimenters like Burbank and Carman, and some suggestive results

obtained. Burbank's series of raspberry-blackberry hybrids are in

many respects the most remarkable ever produced between distinct

species. The most noteworthy of these hybrids are Primus (Western
dewberry crossed with Siberian raspberry), Paradox (Crystal White
blackberry crossed with Schaffer raspberry), and Humboldt (Improved
California Wild dewberry crossed with Cuthbert raspberry). Bur-
bank, in speaking of the Primus, says: "It is also remarkable that

1 a 99 31
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the hybrid should ripen its fruit several weeks before either of the

parents, and excel them much in productiveness and size of fruit,

though retaining the general appearance and combined flavors of

both." The Paradox was the only one retained out of some forty

thousand hybrid seedlings.

IMPROVEMENT IN STRAWBERRIES.

Strawberry culture in this country was conducted on a small scale

at first because no varieties well suited to the climatic conditions

were known. Many were tried without success, especially the Keen's

Seedling, which was represented as very promising; but while it was
an exceedingly valuable berry in England, its place of origin, it failed

to fulfill the expectations of those who imported it into this country.

After cultivating this and many other sorts of more or less note, Mr.

C. M. Hovey, an eminent American pomologist, became satisfied that

there existed in this country at that time no variety possessing the

qualities necessary to make its

cultivation profitable. "There
seemed to be wanting," says

Hovej7
, "a variety combining the

qualities of two or more of these,

and we set out upon the experi-

ment of attaining this desirable

result, determined, if time would
allow, to pursue it until our ob-

ject was accomplished." He pre-

pared plants of seven distinct va-

rieties, and in 1833 made six series
F.<, ^-Hovey'sSeedlmg straw»,erry,half natu-

f crQ hayi firgt carefUHy
ral size (from the Magazine of Horticulture). ' ^ J

removed the stamens from the

flowers to be pollinated, so as to prevent self-fertilization. The fol-

lowing year the resulting seeds were planted and produced plants of

very varied appearance and characteristics. Only a few of these sur-

passed the best of the parent varieties, but one in the size and num-
ber of its berries, as well as in fine flavor, excelle'd anything known in

this country. This plant was kept under observation six years, at the

end of which period, having fulfilled the expectations of its producer,

it was put on the market under the name of Hovey's Seedling (fig. 23).

The effect of the production of this berry was truly wonderful, and

resulted in making strawberry culture popular and profitable. Other

experimenters began to make crosses and to grow new sorts, but in

spite of the almost innumerable varieties thus produced Hovey's Seed-

ling remained the leading berry for almost thirty years. It is worthy

of note that although it was probably the most famous variety ever

prod need, it is now extinct, it being impossible to obtain typical plants.
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Improvement of the Native Gooseberry: 1, Ribes oxyacanthoides, Wild Form:
2, Houghton Gooseberry, Seedling of the Wild Form ; 3, Downing Gooseberry,
Seedling of the Houghton. 'All Natural Size, Adapted from Bailey.)
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The Wilson, which supplanted it, is itself being gradually supplanted

by other sorts, and will probably eventually disappear. Among the

varieties produced from Hovey's Seedling may be mentioned Moya-

mensing Pine, which in 1849 was awarded the prize offered by the

Philadelphia Horticultural Society for the best new berry. This was

in turn the parent of many other varieties, some of which were of

considerable merit.

Hybridization has been the favorite method of producing new
varieties of strawberries, perhaps because the first successful variety

was obtained in this way. Among the recent hybrids may be men-

tioned the Ilumi, which also illustrates the difficulty of systematic

breeding, it being the only one deemed worthy of preservation out of

about seventeen hundred hybrid seedlings tested.

IMPROVEMENT IX GOOSEBERRIES.

As in thecascof most other fruits, the first varieties of gooseberries

grown in this country were of foreign origin. However, these mil-

dewed very badly, especially when their cultivation became more gen-

eral; hence, in t he course of time the growing of this fruit was almost

illy abandoned. Sm.hi the native species began to attract atten-

tion, however, and one of the first varieties to be described was

Houghton's Seedling, produced near Lynn, Mass.. about 1845, from

the wild gooseberry. A few years later Mr. Downing, of New York,

produced from this already popular variety the Downing, a seedling

which has since become extremely popular. The Houghton and Down-
ing, compared with the wild type from which they sprang, furnish an

interesting illustration of the evolution of a native wild plant. (PI.

XXXVII.) Since then a number of seedling varieties of good quality

have been produced, and have come to be quite extensively culti-

vated. However, now that the use of fungicides has become general,

the English varieties are again corning into cultivation, and it is

still a question whether the advantage gained by the American varie-

. owing to the exclusion of the former by mildew for so many years,

will enable the American sorts to retain their supremacy.

IMPROVEMENT IX VEGETABLES.

The tomato.—The tomato illustrates well what can be accom-

plished by careful breeding. In the early part of the century the

races of tomatoes had mostly small and lobed fruits, but in the course

of fifty years or more of selection the type has changed until the fruit

is now large and smooth and the habit of the plant very different.

As in the case of the strawberry, the first great advance in the devel-

opment of the tomato in this country was made by hybridization.

The Trophy tomato, introduced by the late Colonel Waring, Avas the

first of our modern, smooth, round tomatoes, and its production and
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advertising, probably more than anything else, served to make the

tomato a popular garden vegetable. "The Trophy tomato," in the

words of Colonel Waring, "is a product of crossing and careful cul-

tivation by Dr. Hand, of Baltimore County, Md., who began his

work in connection with it about 1850. He crossed the small, smooth

'Love Apple,' which was filled with juice and seeds, with the com-

pound, convoluted tomato of that period. This latter was practically

four or five separate fruits packed together in one, with the skin

running far into the convolutions. He succeeded in putting the

solid mass of this compound growth into the smooth skin of the Love
Apple, and then, by careful selection, year after year, increased its

size and the solidit}7 of its contents until it became a mass of flesh

interspersed with small seed cells." The Trophy remained for a

number of years the principal race on the market, but was finalty

superseded by others bearing larger and better fruits, in the produc-

tion of which hybridization played an important part. The effect of

selection in recent years is illustrated in the production of the Para-

gon by A. W. Livingston. In passing through a field of tomatoes,

he selected one plant because of the uniform^ smooth fruits and
because of its being very prolific. The seeds from this plant were

sown the next year, and the stock of seeds for planting was saved

from the earliest and best specimens. By continuing this process for

five years the Paragon was produced. The Acme, Perfection, and
many other races were originated in a similar manner.

The potato.—The potato has long been the subject of more or less

systematic improvement in this country. According to Bailey, even

as early as the end of the last century, Joseph Cooper made "success-

ful experiments in keeping and improving strains of the potato."

There is a record in 1835 of the production of a new variety called Per-

kin's Seedling, originated by planting a seed ball a year or two before.

In 1841 the Pollard, a seedling of the Chenango, was introduced, but

the most popular potato originated during this period was the Mercer,

which was also a select seedling. For a good many years after this it

was a general practice to plant potato seeds to produce new varieties,

but these for the most part remained known only locally.

The introduction of new wild strains from South America marked
the beginning of a very distinct epoch in the culture of the potato.

About 1850, or possibly two or three years earlier, a Mr. Goodrich

began experiments with a view of improving the potato, using the

varieties known as the Wild Peruvian and the Rough Purple Chili,

which were either direct importations from South America or but

slightly improved. He grew seedlings of these varieties for fifteen

years, obtaining over sixteen thousand, but considered only ten of

this number worthy of cultivation. The best two of these were the

Cuzco, a seedling of the Wild Peruvian, and the Garnet Chili, from the

Rough Purple Chili. Later the Cuzco gave rise to several fairly
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valuable varieties, but it was surpassed by the Garnet Chili, from

which several of our best-known varieties have been produced.

In I860 or 1861 a grower of the Garnet Chili preserved a seed ball

of this variety, pinning it up against his window until it was old and

dry, when, fortunately for the potato industry of the United States,

he gave it to Mr. Albert Breese, of Vermont. Mr. Breese planted the

seeds and obtained widely varying plants, some producing many
tubers and others but few, while there was no uniformity in their size

or shape, some being large and others small, some round and others

elongated. Seven of the plants proved to be of exceedingly good

quality, but one of these, an early sort, far surpassed the others and

was named the Early Rose. "When this potato was put on the market

a few years later, it commanded almost fabulous prices, and in a few

years became the leading variety in America, a position which it still*

retains over a considerable part of the country. The other varieties

of similar origin also became quite popular, and soon the old sorts

were completely abandoned. In fact, there can be found in the cata-

logues of varieties grown at the present time scarcely a single variety

popular forty years ago.

In the product ion of many sorts, such as the White Elephant, Snow-

flake, Nebula, etc.. hybridization has been used, but so far none of

the varieties thus produced have proved as valuable as the Early

Rose.

The potato has been also somewhat improved by the selection of its

tubers. Thus, when the Early Ohio was introduced, a careful selec-

tion was made of the " medium-sized, well-ripened tubers of a desired

shape," with the result, according to C. L. Allen, of "fully a week's

gain in earliness; a great increase in productiveness, with a marked
decrease in the quantity of vines." A few of our well-known varie-

ties originated as bud sports from the tubers; for example, Thor-

burn's Late Rose from tubers of the Early Rose.

The garden pea.—The garden pea furnishes an example of great

improvement produced largely by hybridization, the most marked
result obtained in this country being the production of the dwarf pea
American Wonder about the year 1880, up to which time the varieties

grown were almost all of foreign origin. This variety was the result

of a combination of McLean's Little Gem aud the Champion of Eng-
land. The former long stood at the head of the dwarf peas, but was
unproductive; the latter at the time the cross was made was consid-

ered the best in quality and the most productive of the tall peas. The
American Agriculturist says: "We look upon the production of this

pea as one of the most important steps made of late in its department
of horticulture."

The SQUASH.—It is interesting to note that among squashes, which
hybridize so readily, the Butman, originated by Mr. Clarendon But-

man, of Maine, about 1875, was the result of crossing the Hubbard
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with a Japanese race and of several years of careful selection. This,

according to Mr. James J. II. Gregory, was the first instance of a race of

squashes produced in America, all of our standard races previous to

the production of this one having been originated abroad.

IMPROVEMENT IN CEREALS.

Corn.—Corn has probably been more or less the subject of improve-

ment by selection ever since it was first cultivated, and it is a general

practice among farmers who grow their own seed to select the best

ears for the next year's planting. There have been some experiment-

ers, however, who have given special attention to its improvement,

among the earliest being Mr. J. S. Learning, who began in the early

fifties by going through his fields—then producing an ordinary, not

very prolific, yellow corn—and selecting seed from the best-formed

plants bearing two or three well-formed ears. Tn this way, by a con-

tinuous selection extending over thirty years, the famous Learning

corn was produced and kept up to its standard. About fifteen years

later Mr. James Riley, of Indiana, also began the careful selection of

corn, taking a fine white sort as the original. He used essentially the

method followed by Learning, but in addition went through the fields

just as the tassels were appearing and cut out all imperfect and bar-

ren stalks. He selected seed for the next year's planting from the

finest stalks and the best and most "evenly developed ears. By con-

tinuing this selection for several years he produced the Boone County

White (PI. XXXVIII, fig. 1), which has given noteworthy yields at

the Illinois experiment station.

Corn has been greatly modified and improved by hybridization,

but no improvement stands out as marking a distinct epoch. The
earliest account of a new race being originated by hybridization

which has come under the notice of the writers is that of the Smith's

Early White, described in a letter by Dr. Gideon B. Smith, in the

Albany Cultivator for 1838, the experiments being said to have been

started some ten or twelve years earlier. It was the result of a cross

between the Tuscarora and the Sioux. Dr. Smith's discussion shows

that the results to be expected from crossing different races of corn

were thoroughly understood even then. The original Old Colony

sweet corn, a race originated about 1849, and extensively cultivated

for years, was one of the first and best of the sweet-corn hybrids.

The ease with which corn hybridizes naturally in the field has led

to great mixing, and doubtless many forms now cultivated are selected

types of such accidental crosses. Very many of the best races, how-

ever, were originated as carefully produced hybrids.

WHEAT.—The early races of wheat grown in this country were, as

was the case with almost all our cultivated plants, of foreign origin,

and even now a great many sorts are being imported, especially from

Russia. A large number, however, have had their origin in America,



Yearbook U. S. Dept. of Agncu ture. 1899 Plate XXXVIII.

Fig. 1 .—Improvement of Corn by Selection: Boone County White Corn on Left
amo- Original Type from which it was Developed by Selection on Right.

Fig. 2.—Variation in Seedling Pecans: Frotscher Pecan on Left and Two Seed-
lings from it, Showing Variations in Thickness of Shell, Size, etc. (Natural
Size.)
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the first of these being- mainly such as originated in fields of wheat or

from chance-sown seeds, which, owing to their differences from other

wheat, were preserved and perpetuated. Such, for example, were the

Tappahannock, found in Virginia in 1854, aud the famous Fultz wheat,

found in a held of Lancaster Red wheat in Pennsylvania in 1862 by
a Mr. Abraham Fultz. Mr. Fultz was attracted by some beautiful

beads of smooth wheat, which he saved and planted by themselves, and

from these the new race was developed.

Bat little attention has been given to the systematic growing of

wheat for selection until quite recently. The most important experi-

ments of this kind in the United States are those by Prof. W. M.

Hays, of the Minnesota experiment station, which are still in prog-

ress. From the year L888 up to the present year 552 different races

have been tested, from which eight were finally selected as worthy of

preservation. From these eight, selection experiments were started

in L892, and as a result, even at the end of the first year, four of the

besl eight new strains surpassed in yield aud in some other qualities

the best four of the old varieties. Though it is too early yet to give

more definite results, it is evident that the use of selection is very

promising as regards the improvement of even the best races.

Within recent years considerable attention has also been given to

hybridization, and many valuable hybrids have found places in our

lists of important races. Attention has been directed mainly to in-

creasing the yield by crossing different strains and to securing earlier

and hardier soils. Among the earlier experimenters in this field

Arnold and Pringle were eminently successful. Arnold's Hybrid No.

9, a cross of Michigan Amber with White Soules, has in some places

given good results. Pringle's Defiance, said to be "a hybrid of a

white wheat common in California upon an Eastern club variety,"

has proved very valuable in California, Colorado, and other places.

Prof. A. E. Blount, while at the Colorado experiment station, made
manywheat hybrids and obtained several improved varieties. Blount's

Hybrid No. 15, a cross of Lost Nation with Sonora, has become a well-

known race, giving excellent results in some States. Probably the

most valuable work in wheat hybridization in this country has been

done by A. X. Jones, of New York. Mr. Jones writes: "Most of

my crossbreeds are from Russian and American varieties, with some
blood from Mediterranean Longberry or offspring from these combi-

nations.'' Of the sixteen or more hybrid wheat races introduced by
Jones, several have become standard sorts. Winter Fife, which is

extensively grown in Indiana, Ohio, and other places, is probably his

best-known race. His Early Red Clawson, Early Genesee Giant, etc.,

are among our widely grown races.

From 1888 to the present time Prof. William Saunders, director of

the experimental farm, Ottawa, Canada, has been hybridizing wheats

particularly to secure early ripening races. To accomplish this he
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has sought to secure earliness and hardiness in the best American

races b}r hybridizing them with various Russian sorts. Preston and

Stanley, derived from Ladoga, a Russian sort, crossed with Red Fife,

and Alpha, Percy, and Advance, derived from Ladoga crossed with

White Fife, are proving valuable additions. Tests of Preston and

Advance at the Minnesota experiment station have given good results.

Professor Ha37 s, of that station, says: "Preston is the most inter-

esting and promising variety of wheat procured outside of the State,

and it bids fair to be a strong rival of our best Fife and Blue Stem

wheats." Besides his important work on selection mentioned above,

Professor Hays has been in recent years conducting experiments in

hybridization and has obtained results of the greatest promise. It is

noteworthjr that in this country the wheat hybrids thus far produced

which have given valuable results are racial hybrids, in many cases

very complex, including several different races.

Oats.—No oat hybrids produced in this country have as yet become
very important so far as the writers are informed, although some are

of exceptional interest, as, for instance, Pringle's Excelsior, a so-called

hull-less oat produced by crossing the common Chinese Hull-less (Avena
nuclei) with the Excelsior, a race of the common oat. This remark-

able hybrid is said to possess the strength and robust character of the

common oat and to retain the peculiarity of the naked seed derived

from the Chinese Hull-less. It was introduced about the year 1881,

but does not appear to have proved satisfactory for general culture.

Recently Garton Bros., of England, have introduced a similar " naked

oat," which gives great promise of proving a valuable sort, particu-

larly for the preparation of oatmeal and similar foods. Apparently

hybridization in this line promises important results.

IMPROVEMENT IN FLOWERS AND ORNAMENTAL PLANTS.

In no plants has scientific plant breeding been carried further than

in those grown for their flowers or for ornamental purposes. Growers

of such plants are compelled to produce new and striking varieties

and races, and so must take advantage of all available methods.

An interesting example of the result of continuous selection is the

Blanche Ferry sweet pea, which resulted from over twenty-five years

of selection from the old Painted Lady, in northern New York. In

successive years the plants gradually became more stocky and com-

pact, until after ten or twelve years the}7 needed no outside support.

From the Blanche Ferry there have arisen independently at least two

of the dwarf varieties known as "Cupids." These arose as seedling

sports and soon became very widely diffused.

Probably in no other plants has hybridization given such marked
results as in those cultivated for their flowers. This is due largely to

the fact that in such plants variation of form and color of flowers are

the greatest desiderata, and such modifications are most easily obtained
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by hybridizing different-colored species, varieties, etc. Orchids,

roses, begonias, chrysanthemums, cannas, and many other of our

common flowers have been crossed and recrossed until it is frequently

impossible to determine their origin. In this country probably the

most attention has been given to roses, carnations, and chrysanthe-

mums. It is to hybridization, directly or indirect!}, that we are

indebted for almost all the beautiful forms of these flowers. By the

introduction of foreign species and their utilization in hybridization

with those already in cultivation, new and almost totally different

strains are frequently produced. As an illustration of this maybe
mentioned the important results that have been produced by the

recent introduct ion of the hardy roses Rosa rugosa and B. wichuraiana

and their hybridization with our common varieties of roses. Manda
says: " By crossing Rosa wichuraiana with greenhouse teas the result

is astonishing, as the plants are not only hardy, but retain their foli-

age during the winter. Thus a new race of evergreen roses has been

added to our collection, and promises to be the beginning of a new
and useful class/'

Advantage has been taken of still another principle in growing

plants of this class. It sometimes occurs thai certain buds give rise

to branches that vary abnormally ami produce flowers or leaves of a
different color or shape from those borne on the rest of the plant.

These so-called bud sports can often be perpetuated, and thus give

rise to new varieties. In this way many of the cut-leaved forms of

various ornamental plants have originated. Perhaps the most strik-

ing examples of the product ion of new sorts by bud sporting are found
in certain plants, such as the chrysanthemum, rose, carnation, etc.

Many of these are sports merely in color, but in some cases even the

form of the flowers and of the leaves is different. It is said that wit Inn

the last ten years there have been over fifty cases of new varieties of

chrysanthemums originated as bud spoils.

IMPROVEMENT IN NUTS.

Among the native nuts, probably the chestnut and the pecan are the

only ones that have received much attention from plant breeders,

though Burbank has given some care to improving the walnut. A few
\ arietiesof chestnuts have been obtained by the selection of wild trees

of desirable quality, though but little more than this has been done.

The pecan, however, has received more attention. In its wild state, it

varies very greatly in its characteristics, and this has led to the selection

of a numberof varieties from wild trees because of some special quality,

as thinness of shell, small amount of corky substance between the

halves of the kernel, productiveness, size, or other good qualities.

One of the best known of such selected pecans is the Frotscher, the

original tree of which is still standing in Louisiana, and is probably
over two hundred years old. Within the last fifty years many growers
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have been planting the nuts of this and other varieties and selecting

from among the seedlings thus produced those with the best quali-

ties. PL XXXVIII, fig. 2, shows the variations and the possibilities

of improvement when careful selection is exercised. The systematic

improvement of the pecan, however, has just begun.

IMPROVEMENT IN COTTON.

The history of sea-island cotton is extremely interesting, as it

serves as an example of the possibility of adapting a tropical plant to

the conditions of culture in temperate regions. About 1785 seeds of

this cotton were brought to Georgia from the Bahamas. Notwith-

standing the good care they received and the mild winter, the plants

were killed down, but they came up again from the roots, and with this

start succeeded in ripening a few seeds before the first frost in the fall.

The earliest of these seeds were sown in turn, and by continuing this

process of selection the flowering period became earlier and earlier,

until now the plants ripen a large proportion of their seeds before

frost, even along the coasts of the Carolinas. Besides striving to

obtain earlier maturing sorts, very careful selection has for years been

made with a view of increasing the length, fineness, and strength of

the staple. This selection is regularly practiced by all intelligent

growers and to-day it maybe regarded as one of the necessary cultural

methods. Every year a special patch of cotton is grown from selected

seed ; the plants in this patch are examined very carefully and the

seed of the best individuals retained for planting a similar patch

the next year, the seed of the remaining plants being used to plant

the general crop. Under such continuous and vigorous selection the

length and fineness of the fiber have gradually increased, until it is now
recognized as superior to that grown anywhere else in the world and
commands the highest price in the market.
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A NEW FIELD FOR AGRICULTURAL LIBRARIES.

To furnish the right book to the right man at the right time is a

problem that faces every student of agricultural affairs who would

help men to better ways of farming. The need of offering the book
at the right time presents a new opportunity for the agricultural

library.

THE farmer's special need of books.

The production of fit books for the advancement of agriculture has

long cnuaged the attention of promoters of scientific farming, but it

is only during the last century that these books, or the information

in them, have been supplied directly to the farmer. Furthermore,

this supply has been thus far chiefly by books singly at home, and
through the agricultural papers; and because the newspaper and the

single book can not cover the whole great field of agriculture, the

farmer lias constantly found himself wanting information on one sub-

ject and his book or his paper offering him information on another.

When cholera suddenly breaks out among his hogs, his paper has an
autiele on sheep scab and his book deals with the diseases of tho

horse. His need is a library within reach that will furnish in con-

cise form the entire body of thoroughly proved agricultural science.

Libraries have multiplied and have grown in numbers of volumes
and in activity wonderfully during the past twenty-five years, and of

late they have begun to come to the farmer. Granges, farmers' clubs,

farmers' institutes, and farmers' reading circles have all helped to

create a demand for books, and to some extent have helped to meet it.

During the past ten years the traveling library movement has devel-

oped. As a result many small libraries are sent out to rural commu-
nities and are constantly exchanged among them. But these libraries

are made up chiefly of "light reading," and even such as are agricul-

tural can not be depended onto meet cases of urgent demand, because
they are at one place only a few months. The establishment of per-

manent libraries of standard agricultural works near the farm home
is a suggested need. In this direction seems to lie another step, both
in library development and in the progress of scientific farming.

491
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SCIENCE UNAVAILABLE TO FARMERS IN MOST COUNTRIES.

For centuries agricultural investigators have gathered facts by
observation and experiment, and have wrought out in library and lab-

oratory improvements in farm practice. The learning and advances
of one age have been preserved in libraries for the students of the

next. Libraries have had a large share in making a science of farming
possible. But the great total of agricultural operatives in the world

have hardly been effected by science. The facilities for producing the

books necessary to teach better ways are ample, but the problem of

making them available to the masses has not been solved; in most
countries it has not even been approached. The bulk of agricultural

products are still wrung from the soil by main strength and awkward-
ness. Indian ryots, Chinese coolies, and Egyptian fellaheen, compris-

ing more than half of the agricultural labor of the world, continue to

farm by traditional methods; and the peasants of Europe are little

better off. The clog to their progress has not been a lack of books;

it has been the lack of an elementary education ; the lack not merely of

a habit of reading, but of knowing how to read at all.

AMERICAN FARMERS READY FOR LIBRARIES.

But in this country the first great step has been taken; most farm-

ers are readers. They have proved themselves capable of under-

standing and applying improvements in farm practice. They are the

right men. It remains to put the tested and approved results of

agricultural science within easy reach at the right time. In doing

this, it is believed agricultural libraries may find a wide field for use-

fulness. An attempt will be made at the close of this paper to suggest

how they may occupy it.

BEGINNINGS OF AGRICULTURAL LIBRARIES.

The founding of agricultural libraries in this country was first

undertaken by the agricultural societies established in several of the

States just after the close of the Revolutionary war. These organi-

zations made part of their first work the collection of papers on farm-

ing and the publication of them first in newspapers and then in books.

These papers and publications, with exchanges, and gifts of similar

material from learned societies and persons, both in this country and

abroad, formed the beginning of agricultural libraries. Two of these

societies, the Philadelphia and the New York, besides the provision

of agricultural books for themselves, projected the establishment of

numerous branch libraries, and a third, the Massachusetts society,

systematically promoted the founding of kindred societies similarly

supplied with libraries.

WORK OF THE PHILADELPHIA SOCIETY.

The Philadelphia Society for the Promotion of Agriculture, estab-

lished in 1785 at the seat of government, with Washington and
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Franklin as members, in 179-1 considered the founding of libraries

throughout the State of Pennsylvania. This was in connection with

the movement to organize a Pennsylvania agricultural society, to be

made up of farmers to a much larger extent than the Philadelphia

society was ever likely to be. The constitution and rules for the new
society were prepared by a committee consisting of George Clymer,

Timothy Pickering, then Secretary of State, John R. Bordley, and

Richard Peters. One of the paragraphs was as follows:

It will also be the business of the society to recommend the collection of useful

books on agriculture and rural affairs in every county. The citizens of the county

should be drawn into a spirit of inquiry by the establishment of a small but well-

chosen library on various subjects. This would not only promote the interests of

agriculture, but it would diffuse knowledge among the people and assist good

government, which is never in danger while a free people are well informed.

The country schoolmasters were to be the secretaries of the pro-

posed branch organizations and the sehoolhouses were to be the repos-

itories of the "transactions, models, etc.*' But the country was not

ready even for an attempt to carry out this proposal. It was years

before the Pennsylvania agricultural societywas established, and the

schoolhouse libraries of agricultural books are still to come.

PLAN OF THE NEW YORK SOCIETY.

The New York Society for the» Promotion of Agriculture and Manu-
factures in 1793 considered a plan, presented by Amasa Dingley, for

the establishment of branch societies throughout the State. This pro-

vided for the formation of an agricultural library in connection with

each society, ;is follows:

And also that each county society should be furnished with all the publications

on agriculture in America as well as the most approved European publications.

This will lay the foundation of county libraries for the promotion of information

in every town and neighborhood in the whole State, and will doubtless in a few
years be the means of di.v-ciiiinatiug much useful knowledge. But it is intended

that each county society shall always defray its own expenses.

This plan was never realized, and there is no evidence that the

parent society ever had a very large library of its own as compared
with present collect ions. Some idea of the character of its library may
be gained from the writings of Dr. Samuel Mitchill and others, as

published in the society report for 1791. Among other authorities

referred to are Count Ginanni of Ravenna on diseases of wheat
(Delle malattie del grano in Erba in Pesaro, 1759), given b}r Sir Joseph
Banks, president of the Royal Society of England; Chateauvieux, who
describes a wheat parasite; Headrick's Essay on Manures; Summer-
ville on Manures; Home's Principles of Agriculture and Essay on
Bleaching; Swinburne's Travels into the Two Sicilies; Fourcroy's

Chymistry; also, Tissot, Reaumur, Count Rumford, Lowthorp, Van
Mons, Pliny, and Columella.

In closing his address to the society on January 10, 1791, Dr. Mitchill
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said : "My hearers have numerous volumes written within a few years

on economical subjects in the different modern tongues displayed

before them; or, if their classical taste should lead them to turn over

the pages of the Latin authors whoso works are extant, Columella and
Cawley will afford them abundant pleasure, while the Georgica of

Virgil and the Praedium Rusticum of Yanier shall convey most solid

instruction to their minds."

LIBRARY OF THE MASSACHUSETTS SOCIETY.

The Massachusetts Society for Promoting Agriculture had something

of a library in 1797. The society began the publication of agricul-

tural notes and extracts from agricultural discussions in the Boston

journals in 1793, and in 1795 printed a pamphlet containing, among
other things, two premium essays on the cankerworni, a history and
description of "forward wheat," a premium essay on compost, an
account of maple-sugar making, and selections from foreign publi-

cations, including some account of Robert BakewelPs breeding of

sheep and cattle and of the methods of making Stilton and Cheshire

cheeses. Similar publications were afterwards made from year to

year and distributed to societies and persons interested in agricul-

ture. To these and the books received in return were added "the

most reputable books and authoritative works on agriculture, pur-

chased as issued." In 1815 there was published in the society quar-

terly, which had then been established, a list of the standard works on
agriculture of that day, about 125 volumes, and it may be presumed
that nearly all of them were in the society library.

THE INDIGO SOCIETY IN SOL'TH CAROLINA.

In the South the only agricultural society library of this period of

which notice has been found is that of the Winyah Indigo Society at

Georgetown, S. C. This society was founded about the middle of the

eighteenth century by well-to-do planters of that section, whose staple

product was indigo. Their original purpose was discussion of public

affairs and of their business interests, and in this way they probably

gathered a considerable number of publications, including books on

indigo culture. In 1755 they secured a charter, and in succeeding

years they gathered a library of such an extent that it became Avell

known.
AGRICULTURAL BOOKS IN COLLEGE LIBRARIES.

In the collection of agricultural works the colleges early took a lead-

ing part. Bowdoin, Harvard, Yale, Williams, Columbia, Dickinson,

Princeton, the University of Pennsylvania, Brown (then the Uni-

versity of Rhode Island), Rutgers, William and Mary, tho University

of Virginia, and other schools of less prominence gathered libraries.

Among the books of each of these institutions there were undoubtedly

some volumes bearing on agriculture, though in some instances no

record has been found to show the fact.
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COLLECTION IN HARVARD LIBRARY.

The following: list of books on agriculture in the Harvard library

catalogue of 1790 indicates what these agricultural departments of

college libraries probably amounted to. The catalogue form and
punctuation arc retained.

Books on agriculture, Harvard College catalogue, 1790.

Blith (Walter) English improver, or a new survey of husbandry, 4to, London.
1049.

Certain ancient tracts concerning the management of landed property. Svo.

Lond. 17 07.

Columella (L. Junius Moderatus) : Of husbandry, trans, into Eng. . 4to. Lond. 1745.

Dossie (Rob) Memoirs of agriculture, and other economical arts. Svo. Lond.

L768.

Du Hamel (Monsi Trait6 des arbres et arlmstes. qui se cuitivent en France, 2 torn,

4to, Paris. 1755.

Elements of agriculture, 2 vol. Svo, Lond. 1764.

Farmers' Letters to the people of England, Svo, 2d ed. Lond, 1768.

Georgical Essays, ICino, Lond. 1769.

Harte (Walter) Essays on husbandry, Svo, Lond. 1764.

2d ed. Lond. 1770.

Home (Francis) Principles of agriculture and vegetation, Svo, 3d ed. Lond. 1762.

Hunter (A.) Ge rgical Essays, 8vo., York, 177:;.

Memoiree concernants 1\ economic rurale, par une societe a Berne, torn. Svo.,

Zuric, 170(1, 01. G2.

Miller (Philip) Gardner's Dictionary, f61. 7th ed. Lond. 1759.

Scriptcres rei rustic::* veteres latini, a Gesnero, 4to, 2 torn. Lipsia?. 1735.

Swit:er (Stephen) Ichnographia rustica, or system of agriculture and gardening,

ol, 8vo, 2ded. Lond. 1741.

Whately (Thomas) Observations on moelern gardening, Svo, Lond. 1770.

Worlidge's two treatises on husbandry, cyder and the cyder mill, Svo. Lond. 1694.

Of 350 pages in this catalogue, 200 were devoted to theological books
and pamphlets, and a largo portion to law and the classic languages.

It is not to Be inferred, however, that this list represents all the books
in Harvard library at that time that would to-day be put in the agri-

cultural class. There were undoubtedly in the total of 12,000 volumes
many treatises on botany, chemistry, entomology, and geology which
were valuable to the occasional student of farm problems. They were
not written, however, with any special reference to agriculture, and it

was not yet common for even progressive farmers to pay much atten-

tion to any of these sciences.

AGRICULTURE IX GENERAL LIBRARIES.

In those early days agricultural books were no more numerous in

general libraries than at the colleges, and were probably not as much
used. Everywhere theology first by far, then law, medicine, history,

travels made up the great body of the books in the libraries outside
of such as were devoted to mere amusement. The volumes on agri-

culture in the classic tongues were about as numerous as those in

modern languages, and were generally better known.
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franklin's influence.

There was something of an exception to the theological and clas-

sical character of the early libraries in that founded by Benjamin
Franklin in Philadelphia; there most of the books were devoted to

the useful arts, comparatively few to the professions. One of the

two volumes sent over as a present to the society by Peter Collinson,

the London mercer through whom the first purchase of books was
made, was Philip Miller's Gardener's Dictionary. But even in Frank-
lin's library the books on agriculture must have been very few.

One reason for this was that comparatively few of such works were
in existence. In the list of approved agricultural books given by the

Massachusetts Society for Promoting Agriculture in 1315 about 125

volumes were noted. This list probably included nearby all the

valuable books on agriculture known in this country at that date.

Now there are more printed in almost any year than the whole num-
ber then extant. In a list made up in the Office of Experiment Stations

for the years 189G to 1898, inclusive, there are 451 titles.

BOOKS ON FARMING IN THE NEW YORK SOCIETY LIBRARY.

The agricultural books in the library of the Society of New York,
established in 175-1, numbered about 100 at the beginning of the cen-

tury. This is shown by the early catalogues. Among the titles are

the following: New System of Husbandly, Varlo; Agricultural Chem-
istry, Davy; Husbandly of the Ancients, A. Dickson; Plrytologia, E.

Darwin; Horse-hoeing Husbandry, Jethro Tull; Letters to Arthur
Young, Washington; American Gardener, Cobbett. There were also

a full set of the Annals, Rural Economy, and other writings of Arthur
Young.

AGRICULTURAL WORKS IN PRIVATE LIBRARIES.

A "feature of this early period was the fact that a larger proportion

of public men lived in the country and managed farms than has been
the case for the past fifty years. These men often had libraries in

their homes about as extensive as the college and society libraries,

and they spent much time in study. The details of public affairs

were not then so numerous nor the complications so intricate, and
more opportunity was afforded them for reading and investigation.

The greater part of library work for agriculture in those early years

was undoubtedly done in the private collections of such men.

SOME OF JEFFERSON'S BOOKS.

Among the notable private libraries of the beginning of the century

were those of Washington, Jefferson, Pickering, Livingston, and

Mitchill. A part of Jefferson's books, including many of those which

he used in his agricultural investigations, are in the Library of Con-

gress. (PL XXXIX, fig. 1.) Among these are the following: Cazalet's
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Fig. 1 .—Books of Jefferson's Library now in the Library of Congress.

Fig. 2.—Library Building. Agricultural College and Experiment Station,
Amherst, Mass.
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Theorie de la Nature; Chaptal's Elements of Chemistry; Fourcroy's

Elements d'Histoire Naturelle el de Chimie, four volumes; Ingen-

housz's Experiences et Observations sur Divers Objets Physiques,

and his Experiences sur les Vegetaux; Lavoisier's Traite de Chimie;

Arthur Young's Six Months' Tour Through the North of England,

and his Travels in Franco; Bibliotheque Physico-Economique, four-

teen volumes; Watson's Chemical Essays, live volumes; Scheele's

Memoire de Chimie: Traite Chimique de PAir et du Feu; also a vol-

ume of agricultural essays in English and French. One of the latter

is dedicated to "John Jefferson," President of the United States.

Jefferson's interest in agriculture is best known perhaps from his

improvement of the plow; but, like Washington, he directed practical

operations on his own estate, and his books were a constant aid to

him for the purpose.

SLOW GROWTH OF AGRICULTURAL LIBRARIES.

Agricultural societies continued to be established with the develop-

ment of the States, and usually gathered libraries, but none of these

were of much importance. Indeed, the really efficient agricultural

libraries made their appearance only when the agricultural colleges

and experiment slat ion-- had attained such a growth as to make such

libraries a necessity.

A good library is said to have been gathered, along with collections

of material illustrative of agricultural instruction, at the Gardner

Institute, founded in Maine in 1823, but Jewel t's account of American

libraries, written for the Smithsonian Institution in 1850, makes no

mention of it. In 1839 the establishment of the division in the Patent

Office for the collection and publication of agricultural statistics and

the promotion of agricultural interests generally, was accompanied

with the collection of agricultural works; 'out even here growth of the

library was slow, for this Patent Office collection was turned over to

the Department of Agriculture when it was founded in 1SG2, and with

all the impetus of this new movement to promote its increase, the total

number of its books in 1875, after thirty-six years of existence, was

only 7,000 volumes.

AX AGRICULTURAL LIBRARY SOCIETY.

The only agricultural library society of which any record has been

found was established at Amherst, Mass., about the middle of the

century. A meeting of persons interested was held in Agricultural

Hall in that town on January '.•, 1858, and the Amherst Agricultural

Library Association was organized, with a membership of eighty.

Luke Sweetser was made president and Henry Holtz librarian. The
books were kept in a store in Amherst. The membership fee was

83 a year, and on February 15, 1850, an assessment of 20 cents on

each member had to be made to pay the debts of the association.

After a few years of struggling existence the society disbanded and

1 a 90 32
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the books were scattered. Two volumes, Ure's Dictionary of Arts,

Manufactures, and Mines, are still shown as part of the Amherst pub-

lic library.

SIZE OF EARLY AGRICULTURAL LIBRARIES.

Perhaps the best evidence of the slow progress of agricultural

libraries in early years is to be found in the small numbers of volumes
gathered, but it must bo remembered in making comparisons that no
libraries were large in that day. The following list of agricultural

libraries, with the numbers of volumes in each, is from the Manual
of American Libraries, published by William J. Rhees in 1859:

Massachusetts Board of Agriculture, including 125 books belonging

to the Society for Promoting Agriculture, Boston, 1,000 volumes; Essex

County Agricultural Society, Salem, Mass., 650; Michigan State Agri-

cultural Society, Detroit, 253; Michigan State Agricultural College,

Lansing, 300; Mississippi Agricultural Society, Washington, Miss.,

1,000; New York Agricultural Society, Albany, 2,300; Philadelphia

Horticultural Society, 1,050; Cincinnati Horticultural Society, 500;

Wisconsin Agricultural Society, Madison, 300; United States Agri-

cultural Society, Washington, D. C, 200. It is true that there are

occasional omissions in this list, such as the Massachusetts Horticul-

tural Society at Boston, with 900 volumes, but they are not sufficient

to materially affect the fact that such libraries were few and small.

Even the founding of the agricultural colleges under the Morrill

Act did not at once hasten the growth of agricultural libraries. This

is shown by the fact that the report of the Bureau of Education on

libraries, made for the Centennial Exposition in 1876, though it has a

chapter on college libraries, hardly mentions one of them in its text.

In its tabular statement, however, it notes libraries at agricultural

colleges at the following places: Auburn, Ala., 1,720 volumes; Fay-

etteville, Ark., 300; Oakland, Cal., 12,000 (entire library of Univer-

sity of California); Irvington, 111., 500; Urbana, 111., 10,600 (entire

library of Illinois Industrial University); Ames, Iowa, 3,540; Man-
hattan, Kans., 3,000; New Orleans, La., 300; Orono, Me., 2,200;

College Station, Md., 1,500; Amherst, Mass., 1,500; Boston, Mass.

(Busse}^ Institution, Harvard), 1,500; Agricultural College, Lansing,

Mich., 3,700; Columbus, Ohio, 1,000; State College, Pa., 1,800; Knox-

ville, Tenn., 3,039; Blacksburg, Va., 600.

Agricultural libraries in this Centennial table, in addition to those

just named, are as follows : Department of Agriculture, Washington,

D. C, 7,000 volumes; Illinois Board of Agriculture, Springfield,

801; Massachusetts Horticultural Society, Boston, 2,800; Cambridge

Horticultural Society, Cambridge, Mass., 350; Botanical Gardens.

Cambridge, Mass., 2,500; Worcester County Horticultural Society,

Worcester, Mass., 1,100; Sherwood Hollow Fanners' Club, Binghain-

ton, N. Y., 1,200; Board of Agriculture, Columbus, Ohio, 1,156$
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Pennsylvania Agricultural Society, Ilarrisburg, 2,000; Pennsylvania

Horticultural Society, Philadelphia, 800; Winyah Indigo Club, George-

town, S. C, 2,000; Agricultural Library, Montpelier, Vt., 300; Agri-

cultural Library Association, Royalton, Vt., 350; State Agricultural

Society, Madison, Wis., 1,000.

At the time of the Centennial report above referred to, general

libraries had grown rapidly, keeping step with the progress of the

nation. Thousands of new libraries had been founded since the

beginning of the eentury, and marked improvement had been made
in library management.

AGRICULTURAL LIBRARIES OF THE PRESENT TIME.

Agricultural libraries have now been established in connection with

the agricultural colleges and experiment stations in every State and
Territory in the Union. In addition to their use by students in the

colleges and stations, most of these libraries are free to all who are

likely to be helped. In States in which the agricultural college* and
the experiment station are separated there are two such libraries, one

at tiie college and one at the station. In a majority of them the

shelves are open to all readers. Farmers are especially welcome.

TYPICAL A< BIl [JLTURAL COLLEGE I.IURAKIES.

Of these college libraries, three or four will serve as typical. They
show management in three ways, namely, by the principal executive

officer of the school, by a board of the faculty, and by a university

library board of control. In the last case the agricultural college is

a department of the State university and the agricultural library a
division of the university library.

issachusetts College Library.

One of the largest of such collections is at Amherst, Mass. It has
had the advantage since its establishment in 1886 of personal manage-
ment by President II. II. Goodell, of the Massachusetts college and
experiment station, who was at one time offered the position of

librarian of Amherst College. He has, as a rule, selected the books
for the agricultural library, has superintended their cataloguing and
location on the shelves, and can in a few moments place his hand on
almost any book in the whole collection.

This is probably the only agricultural library in the country having a
housedevotedexclusivelyto itsuse. The library building (PL XXXIX,
fig. 2) is located on a low elevation near the main college building and
faces east. It is of granite, and has large, handsome windows, afford-

ing ample light all through the alcoves. The minimum of space is

given up to office work, and the maximum to shelving for the books
and space in the alcoves for reading. The shelves are open, and any
person who is allowed the privileges of the place is free to select the
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volume lie wants, examine it on the spot and read as much as he

wishes or as time will permit, and then return the book to the shelf,

or take it to the assistant librarian and have a proper record made,

leaving him free to take it home. The purpose has been to make as

perfect a working library for agricultural students as possible with

the means at command, but some agricultural books that are literary

treasures have also been gathered. The chief of these are unique

at once in their usefulness for study and in their position among
books by reason of completeness and thoroughness of the text or

by unusual illustrations.

The principal agricultural periodicals are on the table in the read-

ing room, and files, complete and nearly complete, of the more notable

of these, present and past, are on the shelves. Of the total of 19,980

volumes in this library, 3,0(34 titles of books, embracing 9,192 volumes,

are on subjects distinctly agricultural. They are divided as follows:

Agriculture, agricultural chemistry, horticulture, the domestic ani-

mals, and the dairy, 1,911 titles, 5,753 volumes; botany, 946 titles,

1,736 volumes; entomology, 564 titles, 1,211 volumes; veterinary, 243

titles, 492 volumes. Books scientific, with agricultural bearing, num-
ber 774 titles, 1,737 volumes, divided as follows: Chemistry, 326 titles,

861 volumes; geology, 110 titles, 330 volumes; meteorology, 164 titles,

251 volumes; biology, embryology, bacteriology, miscroscopy, 174

titles, 295 volumes.
Michigan College Library.

At the Michigan Agricultural College, one of the oldest of these

schools in the country, and with a large number of alumni holding

responsible positions in scientific agricultural work, the library appro-

priation was at first distributed in equal amounts to the several pro-

fessors, but the library is now under the supervision of a committee

composed of five members of the faculty appointed by the president

of the college. All recommendations for purchases of books must be

approved by this committee. The general policy tends toward a gener-

ous supply of agricultural periodicals, and from $200 to $400 a year is

spent in that way. Purchases of books for the departments, as of

botany, entomolog}', etc., are made rather cautiousl}r

, though not in

a niggardly manner, with the purpose of maintaining a reserve fund

from which important and expensive works can be bought when
occasion offers. The library is considered especially strong in gen-

eral works on agriculture and on cultivation of the soil. In this line,

including horticulture, pretty much everything that is asked for is

bought, though not many books in foreign languages are approved.

Since 1884 a good many books on mechanical engineering have been

added, and with the establishment of the woman's department, house-

hold economy has received much attention. Duplicate volumes of

expensive books are sometimes bought so as to supply all members of

a class.
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The library now occupies the main portion of a large building, in

the front of which are President Snyder's office rooms. The books

belonging most closely to each branch are kept at the rooms where

that study is taught, so as to be convenient as possible for students,

but a report of them is made annually to the librarian. The students

have access to the library alcoves duringxwork hours, and two or three

of the older students act as assistants to the librarian. The adminis-

tration is thorough and businesslike. The accession book and shelf

list, together with the orders for purchases and receipted bills, form

a complete account of the handling of the books as they come in,

and show where the volumes are to be found. These accounts are

kept separately for the college and experiment station. The main

floor contains the books of the college, while the station collection is

in tic galleries. The total number of volumes in October, 1800, was

19,380, of which about half were strictly agricultural.

Agricultural Library at Cornell.

Tho New York Agricultural College is a part of Cornell University

at Ithaca, and the books on agriculture in the main are kept in the

Fig. 24.—Horticultural Library at Cornell (owned by Prof. L. H. Bailey).

general library. Besides those in the general library, however, the

teachers of the various branches have private libraries, which are

generally cpiite as free for proper use as the volumes belonging to

the school. Since 1883 the agricultural library as pari of the general

library has been under the supervision of a council consisting of the

president of the university, the librarian, one member of the board
of trustees, and four members of the faculty.
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The volumes in the library relating directly to agriculture, horti-

culture, and daiiy husbandry number about 5,000. Aside from these

there about 500 volumes on forestry, 1,200 on entomology, 1,200 on

veterinary science, and a very large collection of related chemical,

botanical, and other scientific literature, making in all from 15,000

to 20,000. The library is rich in serial publications. In addition to

those, of special importance is the library (fig. 24) of L. H. Bailey,

professor of horticulture. It is the largest collection extant of

American horticultural writings, and is open to all special or advanced

students in the college of agriculture. It is the general purpose to

make the university library rich in foreign horticultural publications,

while Professor Bailey's library provides American books of that

kind.

In the teaching at this school it is the custom to take one book as

the general guide in any subject, and then refer the students to many
other books for special topics. In that way something like 200 vol-

umes are much used by students in the college of agriculture. It is

the purpose to give the student a thorough training in the literature

of scientific farming.

Wisconsin College Library.

At the University of Wisconsin the agricultural library is in Agri-

cultural Hall under the general library control, and numbers nearly

5,000 volumes. It is open to students and visitors between 8 a. m.

and 5 p. m. Everybody has access to the books on the shelves, and

anyone may take out books by obtaining a deposit card from the

secretary of the board of regents. The library is used almost exclu-

sively by the students and the faculty, but occasionally farmers and

others make use of it, especially of the collection of herd and stud

books, which now number 700 volumes. 1

SOCIETY AXD STATE BOARD LIBRARIES.

Agricultural libraries now found in many States consist of the col-

lection of books belonging to agricultural and horticultural societies,

breeders' associations, etc., and to State boards of agriculture. Prom-

inent among these, are the libraries of the Massachusetts Horticultural

Society and of the Massachusetts Board of Agriculture at Boston ; of

the Philadelphia Horticultural Society; of the New York Agricultural

Society at Albany; and of the Illinois Board of Agriculture at Spring-

field.

Massachusetts Horticultural Society Library.

The library of the Massachusetts Horticultural Society, founded in

1829, has about 10,000 volumes. It is one of the most notable collec-

tions on horticulture in the world. It lias been gathered largely by

'The numbers of volumes in agricultural libraries, including those of other

agricultural colleges, will be found in the Appendix to this Yearbook.—Ed.



DEVELOPMENT OF AGRICULTURAL LIBRARIES. 503

the efforts of Robert Manning, the present secretary of the society,

who is also librarian. Many works in this library probably can not

be found elsewhere in America. Among its treasures are the fol-

lowing: Martius's Flora Brasiliensis, begun in 1840 and not yet com-

pleted; Host's Gramina Austriaea, I volumes, with plates; Tussac's

Flore des Antilles, 1808-1827; Basilios Beslerns Philiatri, 1613, the

oldest edition de luxe of any botanical work in existence; The Flowers

of Japan and the Art of Floral Arrangement, by Josiah Conder, pro-

>r of architecture and architect of the Imperial Japanese Govern-

ment; The American Grove, the earliest botanical work published in

America; Pinetum Wobnrnensis, published in 1S30 by the Duke of

Bedford, only 100 copies being printed, and the copy here costing the

society about $100; Old Trees of Xew England, a series of photographs,

with typewritten text, including pictures of the first Seckel and

Bartlett pear frees in Xew England; Elms and Other Trees of Xew
England, by Brooks and Dame, containing a picture of the Clark Elm,

at the house where Adams and Hancock were sleeping when aroused

by Paul Revere; Flora Danica, published by the Danish Government
in numbers from time to time between 1764 and 1883; Pomona Italiana,

by GaUesio, with illustrations unusually true to nature, cost 000

marks; Duhamehs Traite des Arbres Fruitiers, 7 volumes, cost $500;

ke's Gardens of England, with vignettes of palaces and colored

plates of surrounding grounds. There are also very complete files of

the leading horticultural periodicals of the past century and a half-

including all publications edited by William Robinson, of London,

and the most- expensive work in the collection, Curtis's Botanical

Magazine, begun in 1793, 125 volumes, with 7,691 colored plates.

The library is now crowded into the front room at the Horticultural

Hall, 101 Tremont street, in the heart of the business district of Bos-

but it is to have ample space in a fireproof building to be erected

by the society near the Public Library and other notable public edi-

fices at Copley Square.

The Pennsylvania Horticultural Society Library.

The Pennsylvania Horticultural Society Library, located at Horti-

cultural Hall, Broad street, above Spruce, Philadelphia, was founded
in 1^27. It now has over 3,500 volumes, consisting of works on horti-

culture and agriculture, including all reports of the leading societies

of this country. On its tables are kept regularly the leading horti-

cultural and agricultural publications of this country, as well as some
from abroad. The library is open to the public for research, but books
are loaned only to members.

New York Agricultural Society Library.

The Xew York Agricultural Society Library was founded in 1832.

In 1857 it had 2,0'.''7 volumes, and was reported as "much used." It

had on its tables 70 agricultural journals, including nearly all of this
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country and 18 from abroad. It now lias about 3,000 volumes. It is

open to the public, but is "more especially for the benefit of life

members of the society."

Library of the. Massachusetts Board of Agriculture.

The library of the Massachusetts Board of Agriculture began to

accumulate soon after the board was established in 1852. In 1857 its

secretary stated in his report that it was probably "the most extensive

in the United States;" in 1860 he added, "The collection of works on
the honey bee is believed to be the best and most extensive in the

country;" and, in 18G5, "It is of great service to the public, more
especially during the sessions of the legislature. " The catalogue which
classifies and describes the books was published in 1899. It was pre-

pared by the librarian, Mr. F. II. Fowler. There are 3,200 volumes,

many of them rare and valuable. A card catalogue ts in course of

preparation.
Library of the Illinois Board of Agriculture.

The library of the Illinois State Board of Agriculture was started

in 1853, and there were 801 volumes in 1875. Since that date the

growth has been much more rapid, and there are now 5,000 books and
pamphlets, 75 per cent of which relate to agriculture aud kindred

industries. The library is open to the public; the live stock records

are most frequently consulted. 1

AGRICULTURAL LIBRARIES OF THE NATIONAL GOVERNMENT.

The most important agricultural libraries of this country, both from
the number of books and the use made of them, are the collections of

the Government, namely, the library of the Department of Agricul-

ture, at Washington, the library of the Vv
reather Bureau, at the

eertral office in Washington City and at the stations throughout the

country, and the agricultural books in the Library of Congress.

Library of the Department of Agriculture.

The library of the Department of Agriculture (PI. XL) now contains

08,000 volumes, in charge of W. P. Cutter, librarian, and a corps of

assistants. Of these books fully 75 per cent are strictly agricultural.

Most of the remaining are historical, biographical, or such documents
connected with the work of Congress or the other Departments as are

likely to be frequently in demand. The purpose is to have a com-

plete working library for the use of the various Divisions of the

Department. The books are received and placed according to the

methods most generally approved by leading librarians, with such

modifications as adapt them to evident needs. The shelves are open

to the employees of the Department, but books are to be left at the

desk, to be returned to their places by the librarian's assistants.

1 For list of agricultural libraries, including those of other boards of agriculture,

see the Appendix to this Yearbook.

—

Ed.
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ruder proper regulations the books are also free for reference to the

public generally. Volumes needed in researches which are being
prosecuted in the several Divisions of the Department are taken to

the Division rooms, and there remain until the work in which they
are needed is completed or until an urgent call comes from some
ether direction. Each Division has some books which are kept con-

stantly in its rooms. In the Bureau of Animal Industry and the

Division of Statistics the numbers run into the thousands. These
books are in use every day by the Department scientists and other

workers, and the results of their investigations are continually issuing

from the Government Printing Office in publications which are sent

to investigators and libraries throughout the world and to public men
and farmers in all parts of the Union. Probably nowhere in the

world is an equal use made of books on agriculture.

The growth of the library on the whole has been gradual, though
much accelerated in recent years and with much improved library

methods. The beginning was made in 1840 with the appointment of

a clerk in the Patenl Office to gather agricultural statistics. When
the Department of Agriculture was established in 1862 the library

which had been collected in the agricultural section of the Patent
Office was given to it. but some time elapsed before all the books were
removed to their new quarters, [ndeed, as late as4877 the first report

of the New York Society for the Promot ion of Agriculture was received

at the Department library from the Patent Office.

Purchases of books ar< by the librarian with the approval of

the Secretary. Very generally such books as are recommend"-'! by
the head of a Division are procured, especially when wanted for an
investigation actually in progress. Accessions in 1899 numbered
about 4,000 volumes, lasts of accessions are published quarterly.

Library of the Weather Bur*

The Weather Bureau has about 20,000 volumes Of these- 12,000

upon meteorology and climatology, constituting one of the largest

collections of the kind in the world. Possibly that of the National
Library at Paris is larger. But, certainly, no other similar collection is

n sed so directlyand constantlyfortheadvancement ofagriculture. The
remaining 8,000 books are chiefly upon physics, including a special

collection on electricity and magnetism. There are also groups on
mathematics, astronomy, and other related subjects. A few old and
rare volumes are kept, but entirely for their scientific value. Such
are La Place's Mecanique Celeste and Boyle's works, in handsome
quarto editions. The leading periodicals on meteorology and phys-
ics are on the shelves. The accessions are about 1,000 annually,
being largely exchanges from meteorological institutions through-
out the world. The books are constantly in use by the scientific

corps of the Bureau and are issued to employees generally, subject
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to recall when needed. They are free to the public for reference.

The Bureau stations are all supplied with small technical libraries,

while in several of the large cities, as Boston and New York, consid-

erable collections have been made.

Agriculture in the Library of Congress.

The books on agriculture in the Library of Congress occupy a

unique position. Their chief use is by Congressmen when consider-

ing legislation concerning the farming interests, and thorough work
among these books for the information of a committee may lead to

far-reaching and most important results. In addition to this they

are free for use in the reading room. The collection fills six book
stacks and numbers 10,000 volumes. It includes sets of United States

and State reports of the earlier periodicals, of herdbooks and stud-

books, and under the copyright law all American publications on
agriculture that are protected by copyright. There are also a few

notable old books on agriculture, including some in foreign languages.

Besides the books classed together as agricultural there are many rare

and valuable volumes in the special collections, such as the Jefferson

library previously mentioned.

AGRICULTURAL BOOKS IN PUBLIC LIBRARIES.

In addition to agricultural libraries there are several hundred pub-

lic libraries in the United States which have considerable collections

of agricultural books. Some of these devote a dozen alcoves to this

class, furnishing to the intelligent and industrious student a good

opportunity to fit himself either to write upon agricultural topics or

to engage actively in farming, so far at least as reading can accomplish

that result.

The shelves in such libraries are not, as a rule, open to the reader.

In some of them it would be of little use to him if they were; for the

books are not carefully arranged according to classification. For

example, in one of the great city libraries it puzzled one of the most

experienced attendants to point out even the main portion of the

books on agriculture. But the card catalogue affords a ready key and
supplies the student in some respects more satisfactorily than he

could supply himself in a thoroughly well-arranged library. There

is always, of course, the drawback that it is impossible to judge of

the availability of a book by reading the catalogue entry anything

like as well as by a glance at it upon the shelf or by a moment's run-

ning through its pages. Among the most important of these collec-

tions in public libraries are those in Boston, New York, Chicago, and
Philadelphia.

Boston Public Library.

At Copley Square, near Boylston street, in Boston, the public library

offers to readers for twelve hours daily each week day and for a part
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of Sunday nearly 750,000 books and a very large number of news-

papers and periodicals. Of these, some 20,000 are useful for reading

in one branch of agriculture or another.

The reading; room, thoroughly well lighted, vail accommodate 310

persons, and the force of attendants is at all times sufficient to secure

delivery of books in eight or ten minutes. The reader consults the

card catalogue, which is kept in a separate room in a semicircular

8 feet high, with a subtending diameter 40 feet long. The
classification and cross references are so complete that hardly any-

thing'on agriculture would bo overlooked.

After determining what books he wishes to consult, the reader fills

out the call blanks and drops them into one of the small boxes which
stand at the end of each table in the reading room. The attend-

ants, who constantly pass along the aisle for the purpose, collect the *

cards and bring the books. For home use, books may be drawn, and
they will be delivered at numerous branch stations.

Two N( w Ybrkpvblic librai

The public library in New York, for which a magnificent building is

under construction at Forty-second street and Fifth avenue, has

about 8,000 volumes on agriculture grouped in one of the galleries and
easily accessible for referencethrough the card catalogue. It has also

an index kept up to <lato for its periodicals, so that anything on

agriculture in current literature is at once accessible.

The Cooper Union Library has only a few hundred agricultural

books, but they are recent ; and probably no collection in the country

is as much used by persons engaged in agriculture. The publications

of the Department are received regularly and lists of them are posted.

Philadelphia Public Library.

The Philadelphia public library has some 2,500 volumes on agri-

culture. These are in the great Ridgway Building at Christian and
Broad streets and in the main library building on the corner of

Juniper and Locust streets. While the work is in the hands of a
private organization, the books are practically free for reference, as

in any public library. The library is well supplied with books of the

earlier decades of the closing century, but little effort is made to keep
up with current publications, except in landscape gardening.

Chicago Public Library.

The public library of Chicago has 7,000 volumes on agriculture and
science bearing upon agriculture. These books are free to the public

either for use at the library reading room or may be taken home.
There are fifty-nine branch stations throughout the city at which a
request may be left, and the book will be delivered at the station

free. The printed finding lists issued by the library contain, in

classified form, short author and title entries of all the books in the

library. There is also a card catalogue giving fuller author, title,
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and subject entries than the finding lists. The John Crerar library

also has a considerable collection of agricultural books, and, under a

division of labor agreed ui)on with the Public and the Newberry
libraries, will eventually have the agricultural library of Chicago.

COLLEGE AND SOCIETY AGRICULTURAL BOOKS.

In addition to the agricultural collections in the public libraries

are the books on agriculture in society libraries and in public schools,

colleges, and universities. Of these, may be -mentioned several thou-

sand volumes at Columbia University in New York, which include the

most important of recent publications; also collections at Harvard,

Yale, Princeton, University of Pennsylvania, University of Chicago,

University of Michigan, University of Wisconsin, and the University

of Indiana. In Harvard and Yale books of recent date are not found

in the main library. At Harvard work on agriculture has been given

over to the Bussey Institution, while at Yale the agricultural teaching

has been transferred to the agricultural college at Storrs. Neverthe-

less, the agricultural books in the Yale collections are among the

most interesting and important from the librarian's standpoint of any
in the country. Most notable are books on horse breeding and horse-

manship, collected by Prof. W. H. Brewer, and a complete set of the

agricultural essays of Jared Eliot, published from 1748 to 1760. Among
these latter is a volume of the essays published in 17G0, which bears

on the fly leaf Roger Sherman's autograph as a mark of ownership.

AGRICULTURAL LIBRARIES FOR FARMERS.

Farming wisely followed affords large opportunities for reading

and investigation. The long winter nights by the fireside are pro-

verbial as offering time for study. Strong inducements are now pre-

sented by granges, farmers' clubs, reading circles, and traveling

libraries to spend these quiet hours in the satisfying mental exercise

of reading upon the daity problems of farm life. Books for this

purpose are supplied mainly by the Department of Agriculture, the

agricultural colleges, and State libraries, by granges and farmers'

clubs.

Reading courses with libraries.

The establishment of farmers' reading courses in Pennsylvania,

New York, Connecticut, Michigan, and other States has been accom-

panied by the supplying of books to farmers, but in most cases these

books have not been sufficient in numbers to be called libraries, in

Connecticut, however, a library of fifty to one hundred volumes is

furnished to clubs of ten or more farmers who have completed a pre-

scribed two years' reading course and received a diploma. The library

is kept one year by such a club and then forwarded to another

recently formed club of the same kind. This plan gives a sort of

post-graduate course, which promises to be very attractive to farmers

actually engaged in the business, who want to farm according to
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scientific principles. Prof. L. II. Bailey, who started the reading-

courses in New York and has made a study of those of other States,

said recently of this feature in Connecticut: "The reader often

receives more benefit from these libraries than from the two years'

preliminary reading.*'

In New York some of the books have been supplied for the farmers'

reading clubs by writing- and printing them expressly for the time

and purpose. The plan of work was made with the intention of

reaching farmers who were not already studying their business in

books. Simple, short, and easily digested treatises were, therefore,

desired, and it was found best to prepare them from the beginning.

With the same purpose of spreading an interest in scientific agricul-

ture to the most remote farming districts, societies of children called

Junior Naturalist Clubs were organized. It was felt that in this, as

in all instruction, the most hopeful efforts would be with the young.

If the most important facts and the fundamental principles of agricul-

tural science could be imparted to the children in rural communities

generally, a wide advance in farming would be made when these

children come to work the land. Here, again, leaflets and bulletins

were specially prepared, and during the season of 1S99-1900 great

progress has been made. At the close of 1900 nearly 20,000 children

were studying in this way. One of these clubs is shown by fig. 1,

PI. XLI.
Traveling libraru s of agricultural books.

The traveling library movemenl originated in 1892 byMelvil Dewey,
librarian of tic- New York State Library at Albany, has from the

start been an especial boon to rural communities, and an effort has
usually been made by the organizers in the various Siaies where the

sysiem exists to encourage farmers to read books on farming and
domestic science. Bui in some of the early libraries sent out to farm
neighborhoods in Wisconsin, and probably in other States, there was
not a single book dealing with agricultural topics. The reason was
that the managers of the work believed the books must be entertain-

ing and attractive, and this opinion was founded on experience. Now,
however, in several States it is made a point to send at least one book
on agriculture with every library, and many traveling libraries are
made up entirely of works on farming, horticulture, and home mak-
ing and keeping.

New York, through the home-education department of the Univer-
sity of the State of New York, offers, among fifty lists of traveling

libraries, two that are made up entirely of agricultural books. One
of these lists contains thirty-four volumes and the other sixt}-. With
the smaller, some volumes on other subjects may be secured if asked
for. The agricultural lists are specially recommended to farming
communities. They are loaned under proper regulations to existing

libraries, to granges, farmers' clubs, and similar organizations.
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In Wisconsin a list of "good books for the farmer" is now sent

by the State library commission to rural applicants, and offers are

made to encourage the use of these books by farmers and their fam-

iles. Small pamphlets and leaflets from the Department of Agricul-

ture and the Wisconsin bulletins have been well received, but longer

and more difficult works have gone slowly. ^

In Connecticut a special list of works on agriculture is sent out by
the State libraiy commission and are strongly commended to libraries

in rural neighborhoods.

In Illinois the traveling libraries (PI. XLI, fig. 2) are made an
adjunct of farmers' institutes. There are two branches of the library

work as organized. One in charge of A. B. Ilostetter, superintendent

of the farmers' institutes, who has general supervision of the other

branch also, provides books on crops, stock, soils, fertilizers, etc.,

while the other, under the management of Mrs. Joseph Carter, Mrs.

Emma T. Davenport, and other women interested in farm progress,

furnishes works on domestic science. The legislature in 1898-99

appropriated $15,000 for the farmers' institute, and a share of this has

been set aside for the traveling libraries. The lists of books have
been made up during the winter of 1899-1900, and the libraries are

sent out as fast as proper attention can be given to the applications.

The Indiana traveling libraries which are sent out by the State

commission offers one book on agriculture in each of the. first twenty
lists made up by the commissioners for general reading. There has

been considerable demand from Indiana, as from other States, for pub-

lications of the Department of Agriculture to add to the agricultural

books furnished by the traveling libraries.

In Iowa a movement is on foot for the creation of a libraiy commis-
sion. In the meantime the State librarian is sending out 73 traveling

libraries, mostly to rural communities. In the first 23 are -41 books on
agriculture. The number will be increased as the demand warrants.

The Pennsylvania library commission, established under a law

passed in 1899, will give careful attention to the claims of agricultural

books to a place in its lists.

Under the Michigan law passed in 1895 the State librarian sends

traveling libraries to every library in the State having over 1,000

volumes which chooses to associate itself with the State libraiy for

the purpose, and some of the books furnished are agricultural; but

the chief opportunity for farmers to obtain libraries of agricultural

works is in connection with the farmers' institutes, reading courses,

and similar work conducted by Clinton D. Smith, director of the

State experiment station.

In addition to these State-aid agricultural libraries, there is one
system of traveling libraries under private management that sup-

plies maiuly agricultural reading. It is maintained by the Seaboard

Air Line Railway in Virginia, the Caroliuas, and Georgia, and
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Fig. 1.—Junior Naturalists' Club at Bernhards Bay. Oneida Lake, Central
New York.
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managed by Mr. John T. Pat rick and Mrs. E. B. Heard. Mrs. Heard's

work is entirely philanthropic. The libraries (PL XLII) contain

from 40 to GO volumes, largely publications of the Department of

Agriculture, and arc sent to all important stations along the line of

the railroad. After remaining thirty days at a place they are usually

exchanged.
Orange libraries.

The Patrons of Husbandry throughout the United States have

always, since their organization thirty jears ago, systematically

encouraged the establishment of libraries by the granges, as the sub-

ordinate lodges of the order are called. In all there are undoubtedly

several hundred such grange libraries, but many of them have given

more attention to general reading than to agricultural books. But
most of them have received Yearbooks, Fanners' Bulletins, and other

popular publications of the Department of Agriculture, and also the

bulletins of the State experiment stations and the reports of State

agricultural and horticultural societies and breeders and dairy asso-

ciations. In this way they have proved effective in the promotion of

scientific farming.

SUGGESTION FOR PERMANENT LIBRARIES FOR 1W11UERS.

'lie- Department of Agriculture promotes and stimulates reading

on agricultural topics by fanners themselves to a greater extent than

any other single agency in the world. It has printed and circulated

annually for the pant live years on an average 0,000,000 copies of its

publications. Nearly all of these have be, mi sent to farmers directly,

many of them through the instrumentality of Congressmen, to whom,
under the law, two-thirds of the Farmers' Bulletins and 94 per

e. ni of the Yearbooks are supplied for distribution among their

constituents. In addition, the experiment stations in all of the States

publish bulletins on their work which are valuable to the farmer

directly, and these are distributed to applicants. These publications

are believed to be well prepared and reliable, and can be furnished

at a low cost. This suggests that permanent libraries, largely of State

and United States publications, and under the joint management of

the State and federal authorities, with a system of lectures on agri-

culture, might be made a very effective means of agricultural progress.

Such a movement would be received in a different spirit from that

which met the efforts of the agricultural societies a hundred years

ago. The scientific farmer is no longer ridiculed. He is observed,

sometimes envied, often imitated. The problem of furnishing all

farmers with the means of becoming scientific in their methods is

largely the problem already suggested, of bringing the right book to

the right man at the right time. A large percentage of farmers have
come to know that it is possible to get help from books. The diffi-

culty is to put the instructions that will help where the farmer can
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get them on the day that a puzzling question, whether of breeding or

cultivation, presents itself. It does the farmer little good to receive a

pamphlet covering certain information months before or after the

subject has farced itself upon him. Pamphlets are to him much like

newspapers—good for a day only. Also it does not meet the need for

him to know that a book can be had by application to the State agri-

cultural college or the Department of Agriculture at Washington. It

will be too late when it comes, and he can not keep it till another

occasion arises, a month, a year, or ten years later. He must have
all the information he can cany in his head. The reading circle,

farmers' institute, and traveling library will help in this. But also he
must have a permanent agricultural library at the nearest practicable

point. The State and national authorities may combine to furnish

this, using a recent suggestion of Mr. F. A. Ilutchins, of the Wiscon-
sin library commission, that town and village libraries should be open

to the support and the use of the surrounding farming communities.

They might go further, and establish in eveiy district school, under

the control of the directors (trustees) and the teacher, a thoroughly

good library of standard agricultural books. It would be an impor-

tant part of the work of the National Government to keep these collec-

tions supplied with the result's of recent discoveries, so far as available

for practical application to farm operations.

Another suggestion for the location and care of such agricultural

libraries is that they be put in the post office under the supervision of

the postmaster. The books would then be in the hands of a federal

Official. The convenience of such an arrangement is manifest when
it is considered that farmers could send for mail and books at the

same time, and that some one capable of attending to calls would
always be at hand.



AGRICULTURAL EXPERIMENT STATIONS IN THE
UNITED STATES.

By A. C. True. Ph. D..

Director <>l the Office of Experiment slut ions.

HISTORICAL.

When the ftrsl agricultural societies were formed in this country,

near the close of the eighteenth century, we find the beginnings of a
recognition of the' desirability of experimental inquiries for the

advancement of agriculture. The society organized in South Caro-

lina in L785 had among ils objects the establishment of an experiment

farm. President Washington, who was a member of the first society

for promoting agriculture organized in the United stales, which was

formed March I. L785, at Philadelphia, then the seat of the General

Government, in pleading for the establishment of a national hoard

of agriculture in Ins annual message to Congress in L796, says that

one of the functions of such a board is "to encourage and assist a

spirit of discovery and improvement ;;: by stimulating to

enterprise and experiment." The distribution of seeds and plants,

begun in 1839 through a Congressional appropriation secured by Hon.
Henry I.. Ellsworth, Commissioner of Patents, which afterwards

resulted in the establishment of the Department of Agriculture,

was primarily an experimental enterprise with a view to testing- the

adaptation of new varieties of agricultural plants to different parts of

t he count ry.

in L849 the New York Agricultural Society established at Albany a
chemical laboratory for the analysis of soils, manures, etc., and an
(dahoratc examination of maize was made there by Dr. Salisbury. In

1855 a special agent was employed l»y the Patent Office "to investi-

gate and report upon the habits of insects injurious and beneficial to

vegetation, especially those infesting the cotton plant." The same
office also employed a chemist and botanist, began a propagating

garden, and arranged with the Smithsonian Institution for procuring

and publishing records of meteorological observations. After the

establishment of the Department of Agriculture in 1862, as a branch
of the Government distinct from the Patent Office, the land on which
its buildings now stand was for several years chiefly used as an experi-

ment farm. As soon as agricultural colleges were established in this

country experimental investigations in field and laboratory were
undertaken, but for a number of years these were carried on with

small means and for the most part by the voluntary labor of pro-

fessors outside of their regular duties as instructors.

1 A 99 33 313
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ESTABLISHMENT OF AGRICULTURAL COLLEGES.

The act establishing an agricultural college which was passed by
the legislature of Maryland in 1856 made it a duty of the board of

trustees of the institution to conduct on the college farm "a series of

experiments upon the cultivation of cereal and other plants adapted
to the latitude and climate of the State."

The records of the college show that in 1858, immediately after the
college was located and before building began, field experiments with
corn, oats, and potatoes, "to test the relative value of the different

manures offered for sale in the cities of Baltimore and Washington,"
were commenced on the college farm. This work continued for two
or three years, but was interrupted by the financial distress which
soon affected the whole country and by the disturbed condition of the

State and nation.

In 1870 a school of agriculture and horticulture was established in

connection with Harvard College in accordance with the provisions of

the will of Mr. Benjamin Bussey, of Roxbury, Mass. This school was
named "The Bussey Institution." The same year Harvard College

received from the Massachusetts Society for Promoting Agriculture a

considerable sum "for the support of a laboratory and for experi-

ments in agricultural chemistry to be conducted on the Bussey estate."

Investigations were begun in this laboratory in 1871 by F. II. Storer,

the professor of agricultural chemistry in the Bussey Institution, and
his assistants, and the first report of their work was made December 3,

1871. The earliest experiments consisted of field tests of fertilizers

upon the farm of the institution and chemical anal}"ses of commercial
fertilizers. A number of bulletins were published, including reports

of field experiments and investigations on hybridizing plants, the

composition of feeding stuffs and fertilizers, injurious fungi, and
physiology. The great fire in Boston in 1872 and the commercial
crisis of 1S73 combined to cripple the institution financially, and for

a number of years little was done in the way of original investigations.

Recently, however, the financial status of the institution has improved,
and investigations have been undertaken in several lines. Several

bulletins have been published within the past three years, among
which are those on the white pine (Pinus strobus), basket willow, sys-

tematic destruction of marmots and other vermin, and chemical sub-

stances in the trunks of trees. An extensive arboretum of indigenous

and exotie trees, shrubs, and herbaceous plants has been developed
on the grounds of the institution through a bequest made to Harvard
University in 1872 by James Arnold, of New Bedford, Mass.
When the College of Agriculture of the University of California

was organized it was understood that a part of its work would consist

of experimental inquiries. In 1870 Prof. E. S. Carr, in an address at

the Slate fair, stated that "the University proposes to furnish the
facilities for all needful experiments; to be the station where tests can
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be made of whatever claims attention." The university grounds at

Berkeley were developed with reference to their use for experimental

purposes, and in 1874 a considerable number of varieties of grapes

and orchard and small fruits were planted, and a barn and two prop-

agating houses were built. The same year E. W. Hilgard was chosen

professor of agriculture. Professor Hilgard had previously been

engaged for a number of years in conducting an agricultural and.

geological survey in .Mississippi, in connection with which chemical

examinations of soils, field experiments, and other agricultural investi-

gations had been incidentally carried on in accordance with a plan

inaugurated as early as 1857 and afterwardsma.de the basis for the

highly successful work of the California experiment station, which

has been continued under Ins direction for a quarter of a century.

"In the winter of 1875-76 the first field experiments were undertaken

to determine the effects of deep culture and of the application of vari-

ous fertilizers. In L875 the laboratory branch of the experiment-

station work was inaugurated, the regents making provision for the

expenses thereof for the first two years, and at the end of this time

the legislature opened the way for the continuation arid extension of

the work by liberal special appropriations from year to year.*'

After the fund which had been established by the sale of the land

scrip donated to Connecticut under the act of Congress of July 2, 1862,

had been given to the Sheffield Scientific School of Yale College in

1863, a professor of agriculture was added to the working force of

that institution. Samuel W. .Johnson, M. A., professor of theoretical

and agricultural chemistry, and William If. Brewer, Ph. D., the pro-

fessor of agriculture, have for many years taken an active interest in

all work for the promotion of agricultural science in Connecticut and

where in the United States. Under their direction experimental

work for the benefit of agriculture was carried on to a limited extent

at New Haven more than thirty years ago, and it is doubtless safe to

say that " through the influence of the professors and pupils trained

in this school, more than to any other single cause, is due the

recognition of the importance of the establishment of agricultural

experiment stations, first in Connecticut and subsequently throughout

the whole country."

THE FIRST STATE AGRICULTURAL EXPERIMENT STATION.

In 1872 at a convention of representatives of agricultural colleges

held in Washington, D. C, in response to a call issued by the United
States Commissioner of Agriculture, the question of the establishment

of experiment stations was discussed, and the report of a committee
in favor of such institutions was adopted by the convention. On
December 17, 1873, at the winter meeting of the State board of agri-

culture at Meriden, Conn., Professor Johnson, of the Sheffield Scien-

tific School, and Professor Atwater, of Wesleyan University, urged
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the establishment of an agricultural experiment station in that State

after the European pattern. A committee was appointed to consider

the expediency of such a movement, and reported two days later that

it was their " unanimous opinion that the State of Connecticut ought
to have an experiment station as good as can be found anywhere, and
that the legislature of the State ought to furnish the means for its

establishment." A permanent committee was then appointed by the

board to bring this matter to the attention of the public and the legis-

lature. This committee held meetings in different parts of the State,

and the following winter secured the introduction of a bill for an
experiment station, which, however, was laid over until the next ses-

sion of the legislature. Another year of agitation of the matter

ensued. The project had many warm and enthusiastic friends, but

the great mass of the farmers took little interest in the enterprise.

When it had become apparent that it could not otherwise succeed,

Mr. Orange Judd offered on his own part $1,000 to begin the under-

taking, and on the part of the trustees of AVesleyan University, at

Middletown, the free use of the chemical laboratory in the Orange
Judd Hall of Natural Science.

These offers were made on condition that the legislature should

appropriate $2,800 per annum for two years for the work of the sta-

tion. It was thought that if by these means the work of agricultural

experimentation could actually be begun the usefulness of the enter-

prise would be so clearly demonstrated that it Mould speedily receive

more generous and permanent support. An act making the appropri-

ation thus proposed was unanimously passed, and approved July 2,

1875. Early in October of the same year a chemist was on the ground,

and as soon as practicable two assistants were secured. Professor

Atwater was made director, and thus the first State agricultural

experiment station in America was an accomplished fact. At the

end of the two years provided for in the original bill the station was

reorganized under the direct control of the State and permanently

located in New Haven, where it has since been in successful opera-

tion, until 1882 in the chemical laboratory of the Sheffield Scientific

School, and thereafter in buildings and on grounds provided by the

State in the suburbs of the city.

ESTABLISHMENT OF EXPERIMENT STATIONS BY STATES AND COLLEGES.

The success which attended this first attempt to establish an experU

ment station in the United States was sufficient to attract the atten-

tion of advanced agriculturists throughout the country, and the

example set by Connecticut was soon followed in other States. March

12, 1877, the State of North Carolina established an agricultural

experiment and fertilizer control station at Chapel Hill in connection

with the State University in accordance with an act of the legislature

creating ;i department of agriculture, immigration, and statistics.
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The Cornell University experiment station was organized in February,

1879, by the faculty of agriculture of the university, as a voluntary

organization. From that time until the passage of the act of Con-

gress of March 2, 1887, the work~was carried on by the different pro-

fessors in such time as could be spared from other studies. For a

pari of that time the trustees of the university appropriated money
from tin 1 university funds to pay for the services of an analyst and

for the purchase of supplies. All the other work was done without

compensation.

The New Jersey State experiment station at New Brunswick, N. J.

,

was established March 18, 1880, by an act of the State legislature ami

connected with the scientific school of Rutgers College.

The movement grew in favor with the people with each succeeding

year, and in 1886 the Committee on Agriculture in reporting the

Hatch hill to the House of Representatives was able to make the fol-

lowing statements:

Since L881 the legislatures of several States have either recognized or reorgan-

ized the deimrtments of agriculture in the hint-grant colleges as "experiment

stations." thus following substantially the course adopted by New Jerse3r
. Such

stations have been established in Maine, Massachusetts, Ohio, Tennessee, and
\\ i-consin. In three other States (possibly more), without legislative action, the

college authorities have organized their agricultural work as experiment stations.

This has been done in California, Missouri, and New York. But in addition to

the twelve experiment stations specifically designated by that name a very large

number of the colleges established under the act of 1802 are doing important work
of a precisely similar kind. Many of them began such work immediately upon
their establishment, and have since maintained it continuously; others have

entered upon it more recently. The colleges in Colorado, Indiana, Kansas, Michi-

gan, and Pennsylvania are carrying on what is strictly experiment-station work
as a part of their ordinary duty.

ATTEMPT TO ESTABLISH AN EXPERIMENT STATION THROUGH PRIVATE MUNIFICENCE.

The only attempt in America to establish an agricultural experiment

station through the munificence of one man, deserves recognition in

this article, although it was short lived. In the year 187G, Mr. Law-
son Valentine, a philanthropic and public-spirited native of Massa-

chusetts, conducting a prosperous business in New York City, pur-

chased a tract of several hundred acres in the township of Cornwall,

Orange County, X. Y., to which he gave the name of Houghton
Farm. Soon after, he conceived the idea of establishing at this place

a series of systematic agricultural experiments. Mr. Valentine natu-

rally took for his model the work of Lawes and Gilbert at Rothamsted,
England, but with modifications suited to American conditions.

In the summer of 1879 Dr. Manly Miles, of Michigan, was engaged
as director of experiments, and during the next eighteen months he
laid out suitable fields, constructed a system of drainage, and vis-

ited the principal stations of Europe for the purpose of studying

plans and methods of investigation. Early in 18S1 the scheme was
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reorganized, and Maj. Henry E. Alvord, of Massachusetts, was placed

in charge as general manager, with these instructions from the pro-

prietor :

First, conduct the farming operations in accordance with the best known methods
and under the best possible organization and management, with a view of edu-

cating and enlightening others by furnishing valuable examples and results in

practical agriculture. Second, organize and operate a scientific department,
devoted to agricultural investigation and experiment, to be of the highest order,

and such as to command the respect, interest, and cooperation of leading scientists

of this and other countries.

Upon this basis Houghton Farm was conducted for about five years.

The experiment department, with its own organization, assignment of

real estate, and equipment, was maintained at an expense to the pro-

prietor approaching $20,000 per annum. The exrjeriniental work
inaugurated was grouped under four heads: (1) Agricultural plrysics;

(2) plant growth; (3) diseases of plants; and, (4) animal growth and
production. The scheme included four corresponding series of pub-
lications, issued at irregular intervals. Papers were published and
distributed during 1882, 1S83, and 1884 in the three series first named.
The main work consisted of field experiments in growing maize.

Thirty-six plats of an area of one-fifth acre each were continuously

cultivated for several years, and the records were partly published.

Extensive provisions were made for work in breeding and feeding

dairy cattle and mutton sheep and in dairy products, but no pamphlet
publications were issued on this line. The death of Mr. Valentine in

1888 put an end to this enterprise.

ESTABLISHMENT OF EXPERIMENT STATIONS BY CONGRESS.

The convention of delegates of agricultural colleges which met at

Washington, D. C, in 1883 discussed and indorsed the project for the

establishment of stations in connection with the colleges by appro-

priations from the National Treasury, in accordance with the terms

of a bill already introduced into the House of Representatives by C. C.

Carpenter, of Iowa. Congress, however, was not yet quite ready to

undertake so large a scientific enterprise in this direction, and the

bill was not put upon its passage. Meanwhile the number of stations

was steadily increasing, and the interest of practical farmers as well

as men of science was more and more excited by the reports of the

results of the experiments which the stations had completed. On
July 8, 1885, a convention of agricultural colleges and experiment

stations met at the Department of Agriculture at Washington City,

in response to a call issued by Hon. Norman J. Colman, the Commis-
sioner of Agriculture. Almost the first thing which this convention

did was to pass a resolution "that the condition and progress of

American agriculture require national aid for investigation and experi-

mentation in the several Slates and Territories; and that therefore

this convention approves the principle and general provisions of what
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is known as the Cullen bill of the last Congress, and urges upon the

next Congress the passage of this or a similar act." (The Cullen bill

was in its general provisions similar to the bill afterwards passed by
Congress and now popularly known as the Hatch Act.) So earnest

was the convention in this matter that it appointed a committee on

legislation, which was very efficient in securing the passage of the

amended bill.

In a Later session the convention passed resolutions urging the cre-

ation of a branch of the Department of Agriculture at Washington
City, which should be a special medium of intercommunication and
exchange between the colleges and stations, and which should publish

a periodical bulletin of agricultural progress, containing in a popular

form the latest results in the progress of agricultural education, inves-

tigation, and experimentation in this and in all other countries. Pro-

vision was also made for a permanent organization by the appointment

of a committee to cooperate with the United States Commissioner of

Agriculture in determining the time of meeting and the business of the

next convention, and in forming a plan for a permanent organization.

•At the next session of Congress the experiment-station enterprise

was again called to the attention of the House of Representatives by
the bill which was introduced by "William If. Hatch, of Missouri, and

referred to the Committee on Agriculture. This committee made a

favorable report March and nearly a year later the bill was

passed by Congress, and was approved by the President March 2,

The Hatch Act provides that $15,000 a year shall be given out of

the funds proceeding from the sale of public lands to each State and
Territory for the establishment of an agricultural experiment station,

which must be a department of the land-grant college, except in the

case of those States which had established experiment stations as

separate institutions prior to the passage of the act.

The duties of the stations are thus defined:

Sec. '2. That it shall be the object aud duty of said experiment stations to con-

duct original researches or verify experiments on the physiology of plants and
animals; the diseases to which they are severally subject, with the remedies for

the same; the chemical composition of useful plants at their different stages of

growth; the comparative advantages of rotative cropping as pursued under a
varying series of crops; the capacity of new plants or trees for acclimation; the

analysis of soils and water; the chemical composition of manures, natural or arti-

ficial, with experiments designed to test their comparative effects on crops of

different kinds; the adaptation and value of grasses and forage plants; the compo-
sition and digestibility of the different kinds of food for domestic animals; the

scientific and economic questions involved in the production of butter and cheese;

and such other researches or experiments bearing directly on the agricultural

industry of the United States as may in each case be deemed advisable, having due
regard to the varying conditions and needs of the respective States or Territories,

In order that the funds from the National Treasury might be for

the most part devoted to agricultural investigations, only $3,000 of
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the first year's appropriation for each station was to be expended for

buildings, and thereafter only $750 a year could be so expended.

That the farmers of the country may receive prompt information

regarding the work of the stations, it is provided that in addition to

"full and detailed" annual reports of their operations and expendi-

tures "bulletins or reports of progress shall be published at said sta-

tions at least once in three months, one copy of which shall be sent

to each newspaper in the States or Territories in which they are

respectively located, and to such individuals actually engaged in

farming as may request the same and as far as the means of the sta-

tion will permit." The franking privilege is also given for the station

publications. Financial and other reports of the stations are to be
sent to the Secretary of Agriculture and the Secretary of the Treasury,

but no provision is made for auditing the accounts by officers of the

United States or for any supervision of their work by the federal

authorities. It is, however, made the duty of the Secretary of Agri-

culture "to furnish forms, as far as practicable, for the tabulation of

lesults of investigation or experiments; to indicate from time to time

such lines of inquiry as to him shall seem most important; and, in

general, to furnish such advice and assistance as will best promote

the purpose of this act."
1

Owing to the failure of Congress to make a specific appropriation

to meet expenditures under the Hatch Act during the fiscal year in

which it wTas passed, the Treasury Department ruled that no money
could be paid to the stations during that year. It was therefore

necessary to wait until the following session of Congress before active

operations could be begun under the act. Meanwhile the State legis-

latures, one after another, gave their assent to the provisions of the

act and designated the institutions which were to receive its benefits.

Boards of management were organized, working staffs were appointed,

building's were located and planned, land was selected for field experi-

ments, and in general the ecpiipment of the stations was provided for.

When the appropriation was made by Congress in 1888, it was included

in the general appropriation act of the Department of Agriculture,

though the head of that Department was at that time in no way
responsible for the expenditure of this fund, and this precedent has

uniformly been followed in succeeding years.

In 189-1 Congress adopted the recommendation of the Secretary of

Agriculture and gave this Department authority to examine the

expenditures of the stations under the Hatch Act and report on their

legality. This lod to much closer relations between the Department

and the stations than had hitherto existed. As soon as practicable

after the passage of this act the required schedules were prepared on

the basis of those already in use at the stations and distributed. In

order that the Department might have accurate and complete infor-

mation regarding tin; work and expenditures of the stations as the
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basis for the required reports to Congress, it was decided that the sta-

tions should be regularly visited by representatives of the Office of

Experiment Stations, and this has been done each year since. Tn

connection with these visits inquiries are made regarding the man-
agement and work of the stations and their relations to the land-grant

colleges. Their methods of keeping accounts are also examined.

Conferences are held with the station officers and members of the gov-

erning hoards, in which not only financial policy, but also lines and
methods of work are discussed. On the basis of this visitation of the

stations, together with their financial statements and published reports

and bulletins, a report on the work and expenditures of the stations

is annually made to Congress.

In connection with the examination of the expenditures of the sta-

tions it became necessary for the Department of Agriculture to define

its views regarding the Limitations of the Hatch Act, and this was

accordingly done in a series of rulings issued March 10, 1896. The
most important of these were to the effect: (1) That permanent sub-

stations were contrary to the spirit and intent of that act; (2) that

land could aot be purchased or rented with the Hatch fund: (.'>) that

farm operations were permissible only so far as they definitely con-

stituted a part of agricultural investigations or experiments; (4) that

funds arising from the sale of farm products or oilier property in the

possession iif a station, as the result of expenditures of the Hatch
fund, rightfully belonged to the station, and therefore should be

expended for station purposes.

GROWTH OF Till'. EXPERIMENT STATIONS.

In 1893 the stations for the first time united in making a collective

exhibit of the methods ami results of their work. This exhibit was
made in connection with the World's Columbian Exposition at Chi-

cago. The Office of Experiment Stations and the Association of

American Agricultural Colleges and Experiment Stations acted in

cooperation in the general management of the exhibit. The then

Director of the Office of Experiment Stations, Prof. A. W. Harris,

represented the Office, and the association was represented by a com-

mittee, of which Dr. II. P. Armsby, director of the Pennsylvania State

College Experiment Station, was chairman. The station work was
exhibited in nine sections—botany, soils, fertilizers, crops, horticulture,

entomology, feeding stuffs, animal nutrition, and dairying. There
were also botanical, biological, and chemical laboratories, in which
some of the simpler station operations were carried on by way of

illustration. The publications of the stations and of the Office of

Experiment Stations were shown, together with a large number of pho-

tographs and charts illustrating the buildings, equipment, and work
of the stations. The exhibit was in general of a popular character,

and was installed in the Agricultural Building. In connection with
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this exhibit a popular digest of the publications of the stations was
made by this Office and published as Bulletin No. 15, entitled "Hand-
book of experiment-station work." At the same exposition a very
extensive test of the different breeds of dairy cows was made under
direction of a committee of station officers. In this test a daily record

was kept of the food, milk, fat in the milk, and butter or cheese yield

of each cow. A copy of this record, which comprises about 1,000

large sheets of tabulated matter, has been filed at the Department of

Agriculture, where it is accessible to students and investigators.

The growth of the stations as regards their number, resources, per-

sonnel, and publications is shown by the following general statistics

for the earlier years of their operations under the Hatch Act as com-
pared with those for the year 1899. In 1888 the 40 stations in 38

States and one Territory received the national funds, making a total

appropriation of $585,000, to which must be added about §125,000

derived from State appropriations, fees for fertilizer analj'ses, sales of

farm products, etc., and $10,000 appropriated by Congress for the

Office of Experiment Stations. The whole amount used for expei-i-

ment-station purposes in the United States in 1888 was therefore about
-s7i,( >,000. In 1889 these stations published 15 annual reports and 237

bulletins.

In 1890, when more complete statistics of the stations were pub-
lished by the Office of Experiment Stations for the first time, it was
stated that the "stations employ 129 persons in the work of adminis-

tration and inquiry. The number of officers engaged in the different

lines of work is as follows: Directors, 60; chemists, 101; agriculturists,

63; horticulturists, 47; botanists, 42; entomologists, 33; veterina-

rians, 19; meteorologists, 11; biologists, 4; viticulturists, 2; physicists,

3; geologist, 1; mycologists, 2; mieroscopists, 4; irrigation engineer,

1; in charge of substations, 10; secretaries and treasurers, 21; libra-

rians, 5; clerks, 18. .There are also 42 persons classified under the

head of miscellaneous, including superintendents of gardens, grounds,

and buildings; foremen of farms and gardens; apiarists; herdsmen,
etc. During 1890 the stations have published 30 annual reports and
225 bulletins. The mailing list of the stations now aggregates about
340,000 names."

In 1899 agricultural experiment stations were in operation in all the

States and Territories and in Alaska and Hawaii. In each of the

States of Alabama, Connecticut, New Jersey, and New York a sepa-

rate station was maintained wholly or in part by State funds, and in

Louisiana there were three stations receiving joint support from
national and State funds. Excluding the branch stations established

in several States, the total number of stations in the United States in

L899 was 50. Of these, 52 received the appropriation provided for in

tli" act of Congress above mentioned. The total income of the si at ions

• hiring L899 was $1,143,334.93, of which $720,000 was received from
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the National Government, the remainder, $423,334.93, coming from the

following sources: State governments, $240,300.20; individuals and
communities, 812,100; fees for analyses of fertilizers, etc. , $75,294.42;

sales of farm products, $69,312.60; miscellaneous, $26,327.71. In

addition to this the Office of Experiment Stations had an appropria-

tion of $ U >,000, including $10,000 for the Alaskan investigation. The
value of additions to equipment of the stations in 1899 is estimated

as follows: Buildings, $27,518.64; libraries, $10,796.15; apparatus,

$16,917.07; farm implements, $10,784.88; livestock, $16,265.95;
N mis-

cellaneous, $22,521.93. Total, $104, 5(U.i;2. The stations employed
678 persons in the work of administration and inquiry The number of

officers engaged in the different lines of work was as follows: Directors,

71; chemists, 148; agricultur . experts in animal husbandly. 9;

horticulturists, 77; farm foremen, -\: dairymen, 23; botanists, 52; en-

tomologists, 48; veterinarians, 26; meteorologists, 17; biologists, 7;

physicists, 7; geologists, 5; mycologists and bacteriologists, 20; irri-

gation engineers, 5; in charge of substations, 16; secretaries and
treasurers, 24; librarians, 0; and clerks, 43. There were also 48

-us classified under the head of "miscellaneous," including

superintendents of gardens, grounds, and buildings; apiarists; herds-

men, etc. Three hundred and eighl station officers do more or less

teaching in the colleges with which the stations are connected.

During L899 the stations published 445 annual reports and bul-

letins. Besides regular reports and bulletins, a number of the stations

issued press bulletins, which were widely reproduced in the agricul-

tural and county papers. The mailing list of the stations now aggre-

- "i2">,'.i70 oames. Correspondence with farmers and calls upon
station officers for public addresses at institutes and other meetings
of farmers are more numerous than ever. The station officers con-

tinue to contribute many articles on special topics to agricultural and
scientific journals.

The number of stations has increased from 46 in 1888 to 56 in 1899.

The annual income of the stations, including the appropriation for

the Office of Experiment Stations, has risen from about $720,000 in 1888

to $1,183,000 in 1899. Of this amount, about $125,000 was derived
from State appropriations, fees for fertilizer analyses, sales of farm
products, etc., in 1888, and $423,000 in 1899. In 1889, 393 officers

^ere employed at the stations, while in 1899 their number had
increased to 678. The stations published 282 annual reports and
bulletins in 18S9, and 445 in 1899.

The stations are at present conducting a wide range of scientific

research in the laboratory and plant house and an equally large

amount of practical experimenting in the field, the orchard, stable,

and dairy. Practically all the stations are keeping a record of

meteorological data, while 10 are making special studies of prob-
lems relating to meteorological phenomena and climatic conditions.
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Thirty-six stations are at work investigating soils, their geology,

physics, and chemistry, or conducting soil tests with fertilizers or in

other ways. Twenty-one stations are studying questions relating to

drainage and seepage or to irrigation in the held or greenhouse, and
with orchard, garden, or farm crops. Thirty-three stations are making
analyses of commercial and homemade fertilizers or are conducting

field experiments with fertilizers. At least fifteen stations either

exercise a fertilizer control in their respective States or make analyses

on which the control is based. All the stations are studying the more
important crops, either with regard to their composition, nutritive

value, methods of manuring and cultivation, and the best varieties

adapted to individual localities, or with reference to systems of

rotation.

Forty-seven stations are investigating the composition of feeding

stuffs, making digestion experiments, conducting feeding experiments

formilk, beef, mutton, orpork, or studying different methods of feeding.

Twenty-nine stations are investigating subjects relating to dairying,

including the chemistry and bacteriology of milk, creaming, butter

making, or the construction and management of creameries. Studies

on the food and nutrition of man, including the composition and
digestibility of foods and metabolism, are being conducted at 14 sta-

tions. Fifty-two stations are doing chemical work and often are

studying methods of analysis. Botanical studies occupj7 more or less

of the attention of 47 stations, including investigations in systematic

and physiological botany, with special reference to the diseases of

plants, testing of seeds with reference to their vitality and purity,

classification of weeds, and methods for their eradication. Fifty-three

stations work to a greater or less extent in horticulture, testing varie-

ties of vegetables, and large and small fruits, and making studies in

varietal improvement and synonomy. Several stations have under-

taken operations in forestry. Thirty-six stations investigate injurious

insects with reference to their restriction or destruction. Twenty-four

stations study animal diseases and the methods for their prevention

or cure. At least 5 stations are engaged in bee culture and 8 in

experiments with poultry. One or more stations have made investi-

gations on miscellaneous subjects, such as the following: Technology

of wine, olive oil, and vinegar, preservation of fruits and vegetables,

the draft of farm implements, road making, the manufacture of beet,

cane, sorghum, and maple sugar, oyster culture, etc.

At first there was a disposition, especially in the region west of the

Mississippi River, where the area of the States and Territories is large

and the population scattered, to divide the Hatch fund and maintain

substations in different localities. This greatly weakened the effeet-

iveness of the station work and in some cases prevented the establish-

ment of the stations on a firm basis. During the past few years,

largely through the efforts of the Office of Experiment Stations, these
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substations have been generally abolished. In California, Minnesota,

Texas, Michigan, Ohio, and New Mexico one or more substations are

maintained with the aid of State funds, which are used to supplement

the national fund, and thus make the extension of the station work
feasible and successful.

RELATION OF THE FEDERAL GOVERNMENT TO THE STATIONS.

The agricultural experiment stations in the United States are State

institutions, supported in part by funds given by the National Gov-

ernment to the States to be used for their maintenance. They have

also received the franking privilege under federal authority. The
direct management of the stations is wholly in the hands of Stale

officers. The stations, however, sustain certain definite relations to

different branches of the Federal Government. The appropriations

ea.lled for by the Hatch .Vet are made by Congress from year to year.

They come under the head of annual, rather than permanent, appro-

priations, Congress having the right to refuse to make them at any
time. The Congressional appropriations for the stations have thus

far been included in the appropriation acts for the Department of

Agriculture. After a State or Territory has given its assent to the

provisions of the Hatch Act and designated the college which is to

receive its benefits, the money is paid directly from the United Stales

Treasury to the treasurer or other officer oJ the institution with which

t he slat ion is connected, who has been certified to the Treasury as the

proper person to receive this fund. The payments are made quar-

terly in advance, as provided by law.

Regulations governing the use of the franking privilege by the sta-

tions are made by the Post-Office Department.

As departments of the colleges receiving the benefits of the land-

grant act of L862, reports of the stations are annually sent to the Sec-

retary of the Interior, who is represented in his relations with these

institutions by the Bureau of Education.

The stations have much more intimate relations with the Depart-

ment of Agriculture than with any other branch of the Federal Gov-

ernment. In its general relations with the stations, as well as in the

supervision of their expenditures under the Hatch Act, the Depart-

ment is represent c(l by the Office of Experiment Stations, an account

of which is given below.

From time to time Congress has given the Department of Agricul-

ture funds for special investigations, with the provision that the

Department shall, as far as practicable, cooperate with the experiment

stations in carrying on these investigations. Notable instances of

such appropriations are those for nutrition and irrigation investi-

gations, which have been in charge of the Office of Experiment Sta-

tions, the inquiries conducted by the Office of Public Road Inquiries,

and investigations with forage plants, in charge of the Division of



526 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

Agrostology. There has been an increasing amount of cooperation

beween the Department and the stations in other ways, including

all the general lines of work in which the scientific Divisions of the

Department are engaged. The Department has also afforded to sta-

tion officers the privileges of its laboratories, collections, and Library

to an increasing extent from year to year.

THE OFFICE OF EXPERIMENT STATIONS.

The Office of Experiment Stations was established as a branch of

the Department to represent the Secretary of Agriculture in his rela-

tions with the experiment stations as provided for by the Hatch Act.

After the passage of the Morrill Act of 1890 for the further endow-
ment of the agricultural colleges, this Office was made the depository

of the financial and statistical reports of these institutions, which are

annually sent to the Sccretaiy of Agriculture. The Office was thus

furnished with considerable material upon which to base publications

regarding the development of education in agriculture in this country.

This work has since been broadened to include a survey of the insti-

tutions for agricultural education in foreign countries. More recently

tin; Office has been charged with the supervision of experimental

investigations in agriculture in Alaska and of special investigations

on human nutrition and on irrigation, which are carried on largely

in cooperation with the agricultural colleges and experiment stations.

RELATIONS OF THE OFFICE WITH EXPERIMENT STATIONS.

Iii its general advisory relations with the experiment stations in the

different States and Territories, the Office of Experiment Stations

endeavors to help the stations in a variety of ways. This work is

performed partly by personal conferences with station officers and
partly by correspondence. It includes such things as advice regard-

ing the organization and management of the stations, the choice of

officers, the lines of work to be undertaken, the planning, recording,

and execution of special lines of work, the nature and form of publi-

cations, the plans for station buildings, the materials, apparatus, and
literature required for use in connection with different kinds of agri-

cultural investigation. By its work in this direction, the Office has

been enabled to offset, to a certain extent, the difficulties in station

management and work, especially those arising from frequent changes

in the governing boards and staffs of the stations, and has secured an

increasing amount of uniformity in the general policy of station man-
agement throughout the country. It has, at the same tinio, been

clearly recognized that each station is an independent State institu-

tion, for the conduct of which the United Slates docs not assume

responsibility further than is involved in the requirements of the

national law under which the stations are organized and the terms
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on which appropriations toward their maintenance are made by Con-

gress year by year,

The Office has endeavored to maintain a broad and eonsistenl pol-

icy regarding the general principles on which experiment-station

management and work should be based, and to aid the individual

stations in their attempts to adjust these principles to the varying

needs and conditions of the different States and Territories. It has

also soughl to promote their cooperation with each other, with the

different 1 (ranches of the Department of Agriculture, and with the

farmers; and as a central agency established for their benefit, it has

helped to bring them into relations with similar institutions abroad

and to promote their interests in matters involving transactions with

different branches of the 1'nited States Government.
As previously stated, the Office also has supervision of the expendi-

tures of the stations under the Hatch Act, and annually prepares a

reporl of the work and expenditures of the stations, which is made to

the Secretary of Agriculture fox transmission to Congress. This

report briefly describes the work, income, and expenditures of each

station, with such criticisms as are deemed desirable, and also

includes a general statement regarding the condition and progress of

the station enterprise as a whole during the year.

The office collects and catalogues all the publications of the sta-

tions. This is done partly that it may have the material for its own
publications and [tartly to make a permanent library of the station

publicat ions.

PUBLICATIONS OF THE OFFICE.

The office of Experi men! Stations prepares a large number of pub-
lications which are largely based on those of the experiment stations

in this country and abroad, or are reports of the special investigations

in charge of the Office. One of the most important of these publica-

tions is the Experiment Station Record, which is issued in volumes
of twelve numbers each, and is now in its eleventh volume. It com-
prises abstracts of the bulletins and annual reports of the stations,

the publications of the Department of Agriculture, books, journals,

and miscellaneous publications containing reports of investigations in

agricultural science in different countries of the world; special articles

by American and foreign experts in agricultural science; editorials

on important matters regarding the progress of agricultural educa-
tion and science, with suggestions of lines of inquiry for the stations,

and notes on the organization, equipment, and development of institu-

tions for agricultural education and research at home and abroad.

Detailed author and subject indexes accompany each volume. This
journal is sent without charge to institutions for agricultural educa-
tion and research in this country and the officers of such institutions,

to similar institutions in foreign countries, important libraries, and
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to a select list of scientists and specialists who cooperate with the

Department by furnishing information, by exchanging publications,

or otherwise. It is also sold by the Superintendent of Documents
at 10 cents a number, or $1 per volume.

The technical bulletins of the Office include special reports to Con-
gress as required by law, reports of the investigations in charge of

this Office on the nutrition of man and on irrigation, monographs on
special subjects based on the work of the experiment stations, bulle-

tins containing statistics and general information regarding institu-

tions for agricultural education and research, and the proceedings of

the Association of American Agricultural Colleges and Experiment
Stations.

In 1889 a series of Farmers' Bulletins was begun in this Office with

a view to making a popular record of the results of work at the

experiment stations for general distribution among the farmers of

the country. After the scope of this series was enlarged and it was
made a general series for the Department, the Office continued to

prepare, or to obtain from officers of the experiment stations, articles

of a popular character on different subjects which might properly be
included in this series. Latterl}* the Office has restricted these articles

to subjects connected with the special investigations in its charge and
resumes of the publications of the experiment stations. The latter are

grouped together in a subseries entitled "Experiment station work."
This title has been given to Farmers' Bulletins prepared in this Office,

in which a number of short articles on different subjects based on the

publications of the experiment stations are grouped together to form
single bulletins. As stated in a note inserted in each number of this

series, "The chief object of these publications is to disseminate

throughout the country information regarding experiments at the

different experiment stations, and thus to acquaint our farmers in a
general way with the progress of agricultural investigation on its

practical side."

Each article included in the " Experiment station work " is signed by
the person who prepares it. The meaning of technical terms neces-

sarily used in these articles is explained in an appendix. Illustra-

tions are used as far as seems desirable. Whenever the number of

these1 bulletins is sufficiently large to make a volume of convenient

size an index will be prepared covering the numbers to be included in

the volume. In this way, as time goes on, it is expected that there

will be in libraries and in the homes of many farmers a series of

volumes containing a popular record of the practical results of the

work of the Stations. Through this series the farmer in any part of

the country is enabled to ascertain the most important practical

things the stations are accomplishing wherever they may be located.

The Office also publishes a " Card index of experiment-station liter-

ature." Tins is;; subject index arranged on a decimal system. Each
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card contains the title of the article, the name of the author, a biblio-

graphical reference to the experiment-station publication containing

the article, and also to the Experiment Station Record, and a brief

abstract showing the nat are and scope of the article. The number of

cards thus far prepared is 19,000, covering the publications of the sta-

tions from L888 to 1897. A set of the index is furnished to each agri-

cultural college and experiment station in this country and to the

boards or commissioners of agriculture in the several States. The

index is also sold to subscribers at the rate of $2 per thousand cards,

and 11.25 for a set of division cards. Three hundred sets are printed.

The Office also prepares a variety of brief documents in the form of

circulars, schedules, articles for the Yearbook of the Department, etc.

From its organization in 1888 up to January !, 1900, this Office issued

311 documents, which may be classified as follows: Experiment Sta-

tion Record, 111 volumes, 119 numbers; technical bulletins, 7l'; Farm-

ers' Bulletins, 4C; circulars, 43; schedules, separates, etc.. 31. in

1899 the total number of copies of publications of this Office printed

was 1,200,000, of which 1,000,0011 were Farmers' Bulletins.

ALASKA EXPERIMENT STATIONS.

Beginning with L897, agricultural investigations have been carried

on in Alaska under the direction of the Office of Experiment Stations.

These investigations have thus far consisted very largely of an agri-

cultural survey, with a view to determining the agricultural capabili-

ties of this region. Definite experiments in growing cereals, flax,

and vegetables have been conducted at several points along the coast.

During the past year this work has been organized on a more perma-

nent basis with a view to the establishment of regular experiment

stations in Alaska. The erection of a headquarters building to con-

tain offices and laboratories has been begun at Sitka, and land has

lie. ui cleared for experimental purposes al Sitka and Kenai in Cook

Inlet. Oats, barley, and wheal have been successfully grown to matu-

rity at both these places, and rye ami liax have also been matured at

Sitka. Definite information has been collated showing that a consid-

erable variety of vegetables, such as potatoes, cabbages, cauliflower,

turnips, lettuce, and spinach may be successfully grown in different

parts of Alaska, including interior localities. Grasses and forage

plants grow luxuriantly over large areas in Alaska, and live stock

has already been kept there to a sufficient extent to warrant the

belief that a large animal industry may be developed. Three reports

on the investigations in Alaska have been published. The work in

Alaska is in immediate charge of Prof. C. C. Georgeson.

1 a 99 34
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NUTRITION INVESTIGATIONS.

'

In 1894 Congress made a special appropriation of $10,000 " to enable

the Secretary of Agriculture to investigate and report upon the nutri-

tive value of the various articles and commodities used for human
food." General supervision of this inquiry was assigned to the Office

of Experiment Stations, and Prof. W. O. Atwater was appointed special

agent in charge of nutrition investigations, with headquarters at Mid-

dletown, Conn. At the same time Congress authorized the experiment

stations to conduct investigations on the food of man, and they were

directed to report progress in their work in this line to the Secretary

of Agriculture. The investigations, in charge of this Office, have been

carried on in connection with colleges, experiment stations, and phil-

anthropic organizations in different parts of the country. Technical

bulletins containing accounts of investigations on food and nutrition

of man have been published, as well as Farmers' Bulletins based on

such investigations.

IRRIGATION INVESTIGATIONS.

'

In the appropriation act for the Department of Agriculture for the

fiscal year ending June 30, 1899, $10,000 was appropriated by Congress

for irrigation investigations by the Department of Agriculture, and

this was increased to 835,000 for the current fiscal year. By order of

the Secretary of Agriculture supervision of this work was assigned to

the Director of the Office of Experiment Stations. It was decided

to undertake work in two general lines: (1) The collation and publi-

cation of information regarding the laws and institutions of the irri-

gated region in their relation to agriculture, and (2) the publication

of information regarding the use of irrigation waters in agriculture

as determined by actual experience of farmers and experimental

investigations. A headquarters for these investigations has been

established at Cheyenne, Wyo. They are carried on under the im-

mediate direction of Prof. Elwood Mead, and as far as practicable

are made in cooperation with the experiment stations in different

States. Work in this line has now been undertaken in fifteen States

and Territories.

RELATIONS OF THE STATIONS WITH ASSOCIATIONS.

The experiment stations, as well as the colleges with which they are

connected, are brought together so as to form a national system of

agricultural education and research through the Association of

American Agricultural Colleges and Experiment Stations. The work

of this association is carried on by means of conventions composed

of one delegate appointed by each of the land-grant colleges and

agricultural experiment stations in the United States, together with

1 More detailed account of these investigations are given in a separate article in

this Yearbook.

—

Ed.
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delegates representing the Department of Agriculture, the Office of

Experiment Stations, and the Bureau of Education of the Depart-

ment of the Interior. Annual meetings are held in different parts of

the country, at which questions relating to the management and work
of the stations, as well as of the colleges, are discussed in the general

assembly and in a number of sections.

The proceedings of the association are edited by the chairman of

its executive committee and the Director of the Office of Experiment

Stations and are published by the Department of Agriculture as bul-

letins of this Office- In the interval between meetings of the associa-

tion much useful work for the promotion of the general interests of

the agricultural colleges and experiment stations is performed by the

executive committee and standing ami special committees of the asso-

ciation. The association has done much to establish and strengthen

the stations and to aid in their administration on a permanent and
substantial basis.

The stations are also largely represented in the associations of Offi-

cial Agricultural Chemists. Economic Entomologists, and Experiment
Station Veterinarians, through which the uniformity and efficiency of

the station work in chemistry, entomology, and veterinary science,

with special reference to t he met hods employed, are greatly promoted.

ORGANIZATION OF THE STATIONS.

The stations organized under the Hatch Acl are by law departments
of the colleges receiving the benefit of the land-grant aet of July 2,

1862, and of supplementary acts relating to similar colleges established

in the States which have been admitted to the Union since the passage
of that act, as well as to those in the Territories. The Hatch Act,

however, made an exception in favor of State agricultural experiment
stations which had been established separate from the land-grant col-

leges prior to the passage of the act. In this way State stations are

maintained in Connecticut, New Vork, and Ohio, which are not con-

nected with colleges and yet receive, in whole or in part, the benefits

of the Hatch Act. In New Jersey there is a station which is sup-
ported by State funds as distinct from the station which receives the

Hatch funds, but both stations are located at the land-grant college

and have the same director.

T'ue stations, which are departments of the colleges, are, as a rule,

under the general management of the governing boards of these insti-

tutions. The separate State stations have their own governing boards.

The governing boards of the stations are quite commonly appointed
by the governor of the State, but in a few cases are elected by the
people. In a few instances the State board of agriculture is the govern-
ing board of the college and station. The more immediate super-
vision of station affairs is often intrusted to a standing committee of

the governine- board.
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As a rule, the duties of the governing board are confined to deter-

mining in a general way the policy and lines of work, appointing the

members of the staff and fixing their terms of office and compensa-
tion, deciding on the character and extent of expenditures, and
approving and auditing the accounts. In some cases, however, the

governing boards determine and supervise the work and expenditures

of the station in considerable detail. This was more generally true

in former years than at present. As the stations have developed, it

has been found desirable to intrust the planning and execution of

their work more fully to the director and other expert officers.

The president of the college with which the station is connected, as

a rule, holds the same relation to the station that he does to other

departments of the college, that is, he is the chief executive officer of

the institution, including the experiment station, and represents the

institution before the governing board, of which he is often an ex-

officio member. In a few instances the president has been relieved

of all responsibility for the station, its director reporting directly to

the governing board. In fourteen States and Territories the president

of the college is at present also director of the station.

Elsewhere the director is a separate officer, who, in addition to gen-

eral executive duties connected with the station, carries on investiga-

tions in some special lines, or combines teaching in the college with

his work for the station. Thus, the station director may at the same
time be the chemist or agriculturist of the station and the professor

of chemistry or agriculture in the college. In some stations the direc-

tor has large powers and responsibilities in the management of the

station. In other States the planning of the work and even details of

administration are largely committed to a council composed of the

heads of the different divisions of the station, or these officers and

some members of the governing board.

Besides the president of the college and the director, the station

staff usually comprises several scientific experts in charge of special

lines of work (as dairying, horticulture, chemistry, entomology, or dis-

eases of plants and animals) and scientific assistants. The members
of the staff may be employed exclusively for experiment-station work,

but in a large number of instances thej' combine this with instruction in

the college. In addition to the scientific force there are usually per-

sons of practical experience employed as foremen of farms, dairymen,

feeders of cattle, etc., and clerical assistants, including accountants,

stenographers, and typewriters. Women are often employed in these

clerical positions. Laborers are employed regularly by the year or

month, or work as occasion may demand by the day or hour.

A considerable number of students of the colleges are employed as

assistants and laborers at the stations. Special experts, scientific

assistants, and other workers are from time to time employed by the

stations for the conduct of particular investigations.
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Fig. 1.—Administration and Laboratory Building of Ohio Station.

Fig. 2.—Dairy and Biological Building of New York State Station.
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Fig. 1.—Chemical and Biological Laboratory of Kentucky Station.

Fig. 2.—Da'ry Building of Wisconsin Station.
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Fig. 1.—Barn of Minnesota Station.

Fig. 2.— Experiment Plats of Pennsylvania Station.
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In cooperative experiments with farmers, the station usually fur-

nishes the plans of work and the seeds, fertilizers, fungicides, or other

materials required by the experiment, and makes the chemical or other

examinations of the soils, fertilizers, or crops necessary to determine

the data or results sought in the experiment. The farmer on his part

furnishes the land, orchards, labor, etc., most commonly without

charge to the station.

EQUIPMENT (>F THE STATIONS.

The stations very generally make use of buildings and land supplied

by the colleges or by the States. Many of these buildings and farms

are used jointly by the college and station. The buildings include

administration buildings (PL XL1II, fig. 1), libraries, chemical, botan-

ical, bacteriological, and other laboratories (PI. XLIII, fig. 2, and

PI. XLIV. lig. 1): vegetation houses, insectaries, dairy buildings

(PI. XLIV, fig. 2), barns (PI. XLV, fig. l). silos, piggeries, and poultry

houses, together with special buildings for particular experiments,

such as those in sugar making, tobacco curing, and the treatment of

animal diseases. The stations are generally well equipped with sci-

entific apparatus, farm implements, and live stock. A portion of the

station land is commonly laid out in permanent plats for experimental

purposes (PI. XLV, lig. 2).

LINKS ()F WORK <>K Till". STATIONS.

Speaking broadly, the work of the experiment stations in the United

States corresponds in scope and extent with the complexity of their

organization. It is therefore difficult to make general statements

regarding their work which will apply to the actual operations of any

one <>f the stations. A strict interpretation of the Hatch Act would

require that the funds received from the National (xovernment under

this act should be devoted solely to original investigations and dem-
onstration experiments and the publication of their results. In many
Slates, however, the stations have funds, derived from the State gov-

ernment or other sources, which may be used for inspection work in

various lines, the compiling of information useful to farmers, and
miscellaneous purposes connected with the promotion of agriculture.

In a general way the work of the stations in the United States may
be grouped under the following heads: (1) Scientific and practical

investigations involving original features; (2) experiments for the

verification or demonstration of the results of original investigations

made at the stations or elsewhere; (3) studies of natural agricultural

resources and conditions; (J-) inspection and other control duties per-

formed on behalf of agriculture; (5) the dissemination of original and
compiled information.

It will, however, readily be understood that most of the enterprises

of the stations are of a mixed character. Originality will, as a rule,
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be found only in some particular features of an investigation or in

the adaptation of well-known facts or principles to special conditions.

In the following outline the investigations of the stations which on

the whole have most generally contained original features are grouped

together, though in many cases they might with equal propriety be

classified as demonstration experiments.

INVESTIGATIONS INVOLVING ORIGINAL FEATURES.

The investigations of the stations may be classified in a general way
on the basis of the different divisions found in their organization.

Thus, it may be said that the investigations of the stations comprise

studies in pli3rsics, chemistry, botany, zoology and especially ento-

mology, geology, meteorolog5T
, agronomy (plant production), horticul-

ture, forestry, physiology (of man and domestic animals), zootechny

(animal industry), veterinary science, agrotechny (agricultural tech-

nology), including especially dairying, and rural engineering.

In most of these lines the investigations have included studies with

reference to the improvement of methods of research, devising of new
apparatus and appliances, the relation of scientific principles to the

science and practice of agriculture, the working out of new practical

applications on the basis of well-known facts and principles, or the

solution of special problems. The statements following may serve

to indicate in what directions the investigations have chiefly been

pursued.

Under the head of physics, considerable attention has been given

in recent years to studies on soils, especially as regards the methods

for the physical examination of soils, the movement of soil water, and

the apparatus required for such investigations.

In chemistry, studies with a view to the improvement of methods of

analysis have occupied the attention of a considerable number of sta-

tions. This work has been done quite largely in connection with the

Association of Official Agricultural Chemists. It has related chiefly

to methods of analysis of soils, fertilizers, plants, foods, and feeding

stuffs. They have also cooperated with this association in determin-

ing food standards as a basis for the determination of adulteration.

A number of pieces of special chemical apparatus have been devised

at the stations. These have included apparatus adapted to particular

kinds of investigations or intended to increase the speed or multiply

the operations of laboratory processes for scientific or practical pur-

poses and devices for making the chemical examinations required in

agricultural industries. A very large number of analyses of economic

plants, foods and feeding stuffs, dairy products, fertilizers, and other

agricultural materials, especially those distinctively American, have

been made for the first time in the chemical laboratories of the sta-

tions. A considerable number of purely chemical investigations have
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been conducted. Chemistry has usually been an adjunct to the inves-

tigations in the fertilizer requirements of plants, human and animal

nutrition, and dairying.

In botany, considerable systematic work has been done, especially

in the newer Stall's. New species of useful and injurious plants have

been discovered and described. Herbaria, showing with more or less

completeness the economic flora of individual States, have been col-

lected. New light has been thrown on the botanical relations of

species of economic plaids. The botanical work of the stations has,

however, been most largely along the- lines of vegetable physiology

and pathology and bacteriology. The studies in vegetable physiology

have included investigations of special problems and the devising of

methods and apparatus for such studies. In vegetable pathology

much has been done in working out the life histories of fungi inju-

rious to cultivated plants and in devising methods and apparatus for

the repression of diseases of plants. The bacteriological work of the

stations has included the isolation, culture, and description of many
species of useful and pathogenic bacteria in air, soil, fertilizers, plants,

foods, feeding stuffs, and other agricultural products, and those

affecting useful and injurious animals. Methods and apparatus for

bacteriological investigations have been devised and means for the

repression of pathogenic bacteria have been worked out. The dis-

tribution and repression of weeds have been studied by numerous
Station botanists.

In zoology, by far the most important work of the stations has been
along the lines of economic entomology. This has included the col-

lection of huge numbers of specimens of insects with a view to the

d» termination of their economic importance in different regions; the

description of many new species and the working out of their life

histories in whole or in part; additions to our knowledge of many
beneficial and injurious insects, including in many cases the comple-
tion of their life histories: studies in The breeding of insects, espe-

cially as a means for their investigation; the discovery or invention

of methods and appliances for the repression of injurious insects;

and the devising of methods and appliances for the study of insects.

In other lines of zoological investigation systematic and other
studies have been made of injurious mammals (especially gophers
and rabbits) and useful and injurious birds. There have also been
special investigations relating to the life history and culture of

oysters and the life history of nematodes.
Under the head of agronomy (plant production) a large amount of

work has been done in the introduction of new varieties of crops
adapted to special regions or particular economic purposes. Investi-

gations in the improvement of varieties by selection and by plant
breeding have been undertaken. Fertilizer and tillage experiments
have been conducted, drainage and irrigation problems investigated,
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and methods of harvesting and storage studied. Some work lias also

been done in studying methods of investigation.

In horticulture, the stations have given most attention to testing the
adaptability of varieties to different regions. In addition to this there

have been studies of the selection and breeding of horticultural plants
and the methods of culture, grafting, and pruning. Considerable
attention has been given to questions relating to the growing of hor-

ticultural plants under glass. Valuable introductions of new and
hardy fruits have been made. Native fruits have been studied and
improved and wild species brought under cultivation.

Combinations of forcing-house and field methods of culture of a
number of American garden crops have been introduced. Irrigation

as a feature of truck gardening and fruit growing in regions of con-

siderable rainfall has formed a feature of'horticultural work at several

of the experiment stations, and the value of subirrigation in green-

houses with certain forcing crops thoroughly demonstrated. Fertilizer

experiments with numerous horticultural crops have thrown much
new light on the subject of intensive manuring. The utilization of

fruits (more especialby the unmerchantable fruits) in the making of

jelly, preserves, fruit sirups, and cider has been investigated. Some
of the stations have given considerable attention to the beautifying

of home and school grounds by the introduction of ornamental trees,

shrubs, flowers, etc., not previously grown in their localities.

In forestry, the work of the stations has been principally confined

to the testing of different varieties of trees with reference to their

adaptability to particular regions and problems connected with the

reforesting of treeless regions.

In the physiology of man and the domestic animals, the work of

the stations has been largely along the line of nutrition. The most
important piece of work in this line has been the devising of a spe-

cial form of respiration calorimeter at the Storrs experiment station,

in Connecticut, as described elsewhere. The experiments with this

respiration calorimeter already made with men have added important

data to the knowledge of the laws of nutrition.

Other studies have had to do with the substituting value of different

nutrients and the proper combination of nutrients in the diet. Many
dietary studies have been made with men and animals under different

conditions and performing different amounts of work in various

regions of the United States. A number of stations have made diges-

tion experiments with men and animals, and the coefficients of diges-

tibility for a considerable number of American foods and feeding

stuffs have been worked out as the result of these experiments. Studies

of the effect of different feeding stuffs on production of lean and fat

meat have been made. In connection with nutrition investigations

the composition of many American foods and feeding stuffs lias been

learned. The effect of cooking on different foods and the losses
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during cooking have also received attention. Much time has been

devoted to the elaboration of experimental methods, the testing of

methods already known, and the devising of new methods.

In zootechny (in the restricted sense of animal production), the work

of the American stations has principally consisted of feeding experi-

ments with different kinds of farm animals, in which various com-

binations of feeding stuffs have been tested with reference to the

maintenance, growth, or the production of meat or milk. In this way
the nutritive value of a large number of different kinds of American
feeding stuffs has been worked out, largely on a practical basis.

Important studies have been made on the nutritive value of crops of

recent introduction, or crops which have recently assumed importance.

Digestion experiments have been conducted with horses, cattle,

sheep, goats, and pigs. Attempts have been made at several of the

stations to formulate feeding standards more suitable for American
conditions than the German standards commonly in use. Tests of

breeds of different kinds of animals have also been made, sometimes

on a relatively large scale, and studies of types of animals best

adapted to particular purposes have in some cases been made. The
studies in zootechny have, to a considerable extent, been connected

with the investigations in animal physiology.

In veterinary science, besides studies in bacteriology above referred

to, investigations regarding the causes, nature, and treatment of

various diseases of domestic animals have been made at the stations.

In agrotechny (agricultural technology), the most important work of

the American stations has related to dairying. Besides the chemical

and bacteriological studies of milk and dairy products referred to under

the head of chemistry and bacteriology, the stations have made many
studies relating to the methods of manufacture of dairy products.

Various kinds of dairy and creamery apparatus have been tested

to a considerable extent, and in some cases demonstrations have been
made of the method of conducting a hygienic dairy and milk route.

Nearly even" step in the handling of milk and in the manufacture of

butter and different kinds of cheese has been investigated. In this

connection they have done considerable work in studying methods of

investigation and devising special apparatus and appliances for such

work.

Other important investigations in agricultural technology have been

those in sugar making by the Louisiana station, in the manufacture
of wine and olive oil by the California station, and of vinegar and
fruit sirups by the Virginia station. In these investigations the

devising of new methods of manufacture and special apparatus and
appliances have received large attention.

The American stations have as yet given comparatively little atten-

tion to problems in rural engineering. Studies of the form and con-

struction of barns, silos, and other farm buildings have been made, as
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well as of the construction and heating of greenhouses and the con-

struction of cheese-curing rooms cooled by natural means. Questions

relating to methods of drainage and irrigation have been studied. The
draft of farm vehicles, especially as related to the comparative merits

of broad and narrow tires, has been tested. A considerable number
of practical tests of implements and machinery used on farms or in

dairying have been made.

VERIFICATION AND DEMONSTRATION INVESTIGATIONS.

A considerable share of the work of the American stations has thus

far consisted of the verification of the results obtained at the stations

or elsewhere and the demonstration of the practical usefulness of

these results. This work has been partly carried on at the stations,

more especially on the farms under their control, and partly by experi-

ments in different localities, largely with the cooperation of farmers.

This demonstration work has included a wide range of subjects along

most of the lines in which the stations have attempted more original

investigations. Attention can be called in this general statement only

to some of the larger enterprises of this kind in which the stations

have engaged. Of this character, have been very many of the experi-

ments with fertilizers, thousands of which have been carried on in the

States east of the Mississippi River.

A very large number of practical tests of different field crops and
horticultural plants have also been made by the stations in coopera-

tion with the farmers after the stations had determined on a small

scale the adaptability of these varieties to the regions in which they

are located. Many of the experiments in the feeding of animals and

in dairying have been made by the stations for the purpose of con-

firming the results obtained through previous investigations in this

country or abroad. Often the chief purpose of these investigations

has been to convince the farmers that the results which have been

obtained elsewhere were equally applicable to their local require-

ments. In a similar way, many investigations along the lines of

chemistry, botany, entomology, and veterinary science have been

repeated at the stations, either for the purpose of more firmly estab-

lishing the correctness of the results previously obtained or of show-

ing the farmers that these results could be successfully applied in

practice. Thus, many means for the repression of insect pests and

the diseases of plants or animals have been tried over and over again

by the stations and among the farmers until they have become a part

of regular agricultural practice, at least among the more progressive

portion of the agricultural community. For purposes of verification

or demonstration, thousands of cooperative experiments are now
annually carried on in the United States, in which the farmers take

part under the direction of the stations.
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STUDIES OF NATURAL AGRICULTURAL CONDITIONS AND RESOURCES.

Closely united with the demonstration experiments of the stations

have been those studies which have primarily had for their object the

gaining of definite information regarding the natural agricultural

conditions and resources of the different States. While the stations

were not established for the making of agricultural surveys or the

collection of' agricultural statistics, yet in many cases, especially in

the newer States and Territories, in the absence of accurate informa-

tion acquired through other agencies, it has been necessary for the

stations to do more or less work of this character as a preliminary

to the scientific investigations and practical experiments which it is

their real business to make.

In this way the stations have in the past done considerable work

in the collection of general meteorological data, sometimes in cooper-

ation with State weather services and the United States Weather

Bureau. This work has, however, now been given up for the most

part, and the slat ions are confining their meteorological observations

to those taken on their own grounds. In a number of States data

regarding the geologic formations and soils indifferent localities have

been obtained, and in a few States this has been done with sufficient

thoroughness to enable the station io make a soil map of the whole

State, or of particular agricultural regions: Studies of the nature of

the water supply available for household use, for live stock, or for

irrigation, have engaged the attention of a number of stations. There

has been a considerable number of botanical surveys for the pur-

pose of obtaining information regarding the native forage plants

ami fruits of different States, which might be utilized for economic

purposes.

Several stations have done some work on the study of life zones of

their States and the suitability of varieties of crops to these zones.

The largest enterprise of the stations which may be said to have

been essentially a study of the natural agricultural conditions has

been the determination of the regions in which sugar beets may be

grown with a sufficiently high percentage of sugar to make it probable

that they might be utilized in sugar making, provided the economic

conditions were favorable. This investigation was carried on by the

stations very largely in cooperation with the Department of Agriculture

and farmers. Thousands of experiments were made for several years,

covering the entire country, and in this way the capabilities of the

United States with reference to the growing of sugar beets were quite

definitely established.

The marl and phosphate deposits have been investigated in a

number of States, with reference to their use for fertilizers where

conveniently located.

In several States, legislatures have made special appropriations to
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the stations for studies of the agricultural resources of particular

sections as yet undeveloped or for overcoming natural obstacles to

cultivation.

INSPECTION WORK OF THE STATIONS.

The experiment stations in thirty-six States and Territories are

doing more or less work of inspection, either under special State

laws or as a voluntary enterprise. The nature and amount of this

service varies very greatly in different States. Sometimes the station

conducts a complete inspection and control, sometimes it makes the

chemical or other examinations on which control is based, and some-

times it simply makes the examinations and imblishes the results for

the information of the public, no system of control being provided

by law. The fertilizer inspection and control was the first established

in this country, is most extensively and thoroughly organized, and is

most intimately connected with the work of the stations. More
recently inspection of dairy products and other foods for man has

been undertaken in a number of States, and the stations have been

called upon in various ways to promote this work. In some of the

Eastern States where concentrated feeding stuffs are largely used,

laws for their inspection by the stations have been enacted within the

past few years. Inspection for the prevention of diseases of animals

and plants and the repression of injurious insects (especially the

diseases and insect pests affecting nursery stock) and weeds has been

begun in a number of States. Dairy apparatus and Paris green are

required to be inspected in a few States, and there has been consider-

able voluntary inspection of seeds by the stations in different parts

of the country.

The Hatch Act makes no provision for regular inspection work by

the stations. The stations supported exclusively by this fund have

therefore undertaken such work only incidentally with a view to show-

ing its usefulness. Wherever it has assumed importance and the

necessity for its regular performance has been made apparent, the

States have made provision for its maintenance. Naturally the laws

and regulations regarding this kind of inspection have varied with

local requirements and opinions. In recent years there has been an

increasing tendency toward greater uniformity in the general features

of inspection laws and regulations.

DISSEMINATION OF INFORMATION BY THE STATIONS.

The Hatch Act requires that each station shall publish bulletins or

reports of progress at least once in three months, and a full and de-

tailed report of its operations, including a statement of receipts and

expenditures, once a year. Most of the publications of the stations

may therefore be divided into two general classes—annual reports

and bulletins.

The annual reports of the stations vary greatly as regards the



AGRICULTURAL EXPERIMENT STATIONS. 541

character of their contents, their size, and the number of copies

printed. In a number of States the annual report is a large document

containing a detailed account of the investigations of the station, as

well as statements regarding its administration and finances. In some

States it is a brief document containing only short statements regard-

ing administrative matters, finances, investigations, and publications.

The bulletins of the stations are of different descriptions and can not

be definitely separated into elasses. Each of the stations has, how-

ever, a regular series of bulletins, usually numbered consecutively,

which comprises the greatest part of its publications. These bulle-

tins contain a great variety of information. Some of them consist

wholly of compiled matter, some are popular accounts of station inves-

tigations, and others contain quite technical and elaborate descrip-

tions of their investigations. Some stations have attempted to sepa-

rate their technical and popular bulletins into different series and in

some eases new series have been begun after the station has been in

operation a number of years. As a rule, however, the stations issue

their regular bulletins in a single series. Illustrations are quite gen-

erally used in bulletins, and more attention has been given from year

to year to improving the general appearance of the bulletins.

Many of the stat ions annually issue more than the four bulletins

required by the Hatch Act. The bulletins are sent out to mailing

lists containing from :!,<>ih> to :5;>,000 addresses in different States,

the aggregate number of addresses being about half a million. The
stations endeavor to send their bulletins to all applicants within

their own States ami to satisfy outside demands for them as far as

their means will allow. This outside demand has, however, grown to

be so large as already to cause embarrassment. Each station has a

considerable number of foreign correspondents to whom the bulletins

are regularly sent.

In a number of the States the stations prepare press bulletins, which

are either resumes regarding the station work or contain information of

more general character. In cases in which the station receives a large

number of requests for information on any topic it has been often

found convenient to have answers distributed through the press rather

than by correspondence.

Some of the stations have issued charts and posters illustrating spe-

cial features of their work.

Station officers participate to a considerable extent in the meetings

of farmers known as farmers' institutes, which are now regularly held

in forty-three States and Territories, principally during the winter

months. It is estimated that there are now annually held in the

United States some two thousand institutes, which are attended by
about half a million farmers. Through the institutes the stations are

therefore able to largely supplement their publications by oral expla-

nation of their work to large numbers of farmers. Station officers
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also make a large number of addresses each year before State and
local agricultural, horticultural, and dairy associations and miscel-

laneous meetings of farmers. The correspondence carried on by sta-

tion officers is very large, aggregating hundreds of thousands of letters

annually. A large part of these are replies to inquiries by farmers,

which cover almost every topic relating to the theory and practice of

agriculture. A considerable number of stations make exhibits of

their work at State and other agricultural fairs.

GENERAL RESULTS OF THE WORK OF THE STATIONS.

Daring the past ten years more than 110,000,000 have been expended
for the maintenance of agricultural experiment stations in the United
States. Of this sum, about $7,000,000 came from the Federal Gov-
ernment and 83,000,000 from State sources. During that time the

United States produced agricultural products valued at thirty thou-

sand million dollars. The maintenance of the stations therefore

involved the expenditure of $1 for every 83,000 worth of agricultural

products. Considered in this light the funds used to improve the

quality and increase the yield of our agricultural products do not

seem disproportionate!}* large. They are, hoAvever, sufficiently large

to make it very important that the results shall clearly justify the

continued expenditure of such great sums for the support of the

stations.

Many of the results obtained in experimental inquiries in agriculture

are of course of such a character that it is difficult, if not impossible,

to give any exact measure of their value, especially on a financial

basis. A large share of the work must necessarily give negative

results, the practical value of which consists in showing the farmer

the things which he ought not to do. Obviously many of the results

which have a limited or local value, and which in the aggregate would

go far toward justifying the maintenance of the stations, can not even

be referred to in a summary statement like this. We shall, however,

attempt to call attention very briefly to some of the more prominent

results which the stations have obtained and on which their claims of

usefulness to our agriculture must depend.

INTRODUCTION AND DEVELOPMENT OF AGRICULTURAL METHODS, CROPS, OR
INDUSTRIES.

Beginning with the work of the stations in which the attempt has

been made to introduce or develop new methods, crops, or industries,

we may with good reason assert that the most important general

result of experiment-station work has been along the line of dairying.

The working out of practical methods and apparatus for the rapid

determination of the fat content of milk, most perfectly accomplished

by the Wisconsin station; the researches regarding the chemistry and

bacteriology of milk and dairy products, the elaborate investigations

on cheese making at the New York station, and on the ripening of
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cheese at the Wisconsin station; the more practical experiments in

batter making at the Iowa station—these and other investigations at

the stations, combined with the dissemination of information regard-

ing the results of work in similar lines abroad, have brought about a

widespread revolution in the business of dairying in this country.

Closely connected with the improvement of dairying have been the

investigations on nutrition, many of which have been directly made
with dairy cattle. These have had to do with the effects of feeding

stuffs on the quality of milk and the character of butter or have dealt

with the economical production of dairy products. The highest point

in the work on nutrition has been reached in the perfecting of meth-

ods and apparatus by the Connecticut Storrs station in cooperation

with ibis Department. The respiration calorimeter devised at that

station, having proved its usefulness in investigations on some of the

fundamental problems of the nutrition of man, is now being adopted

by the Pennsylvania station and the Department to use in similar

investigations with farm animals. Two European governments have

made liberal appropriations for the construct ion of respiration calo-

rimeters after the plan of the Connect icut apparat us.

The Iowa, Maine. Massachusetts, .Michigan, Minnesota, New York,

Pennsylvania. Vermont, Wisconsin, and other stations have also made
important investigations on the nutrition of dairy and other farm

animals, which have widely changed the practice of feeding such

animals. Among such investigations are those relating to the effect

of the character of the food on tin' quality of the product and on the

proportion of tat and lean meat in steers and pigs; the suitability of

breeds of animals of different conformation to various purposes; effect

of shelter and treatment on growth and gain, and the economy of a

large number of different feeding stuffs, representing those generally

at the disposal of the farmers: the effect of cooking and other meth-

ods of preparation. One very important result, on account of the

enormous supply, has been the demonstration of the feeding value of

corn stover when properly cared for. and the intrinsic feeding value

of different by-products of wheat.

Notable instances of the successful introduction of new crops are

the Manshury barley by the Wisconsin station, which has materially

increased the yield of barley over a wide region, with results worth

millions of dollars, and the Kafir corn brought in by this Department,

but introduced to practical use on a large scale by the stations in

California. Kansas, and Oklahoma, the crop being valued at about

16,000,000 in Kansas alone in 1898. The Minnesota and Wisconsin
stations were instrumental in the introduction of rape as a forage

plant for sheep, and it is now grown on thousands of farms in the

Northwest to the great advantage of the farmer. The hairy vetch,

introduced by the Mississippi station, has proved of great value to

that State.
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Important studies on the nutritive value and practical usefulness

of alfalfa (lucern) by the Colorado, Utah, and other Western stations

have done much to extend the area and enhance the value of that

crop in the irrigated region, while recent experiments by the New
York and New Jersey stations and a number of stations in the Gulf
States seem to indicate that it has a wider usefulness in the East than
has hitherto been supposed. The value of crimson clover as a crop

for forage and green manuring over a considerable area has been
shown b}' the Delaware and other stations. The investigations on
sugar beets conducted throughout the country by the stations and
this Department have already had a practical outcome in the success-

ful establishment of sugar factories in several States, and have shown
in a very definite way in what regions this industry has the best

chance of success. The work of the Louisiana station on methods
and apparatus for making cane sugar and on the culture of the sugar
cane have been so far successful as to secure for the station the finan-

cial support of the State Sugar Planters' Association.

The staple crops of the country, as maize, wheat, cotton, and
tobacco, have been the subject of an immense amount of investigation

touching nearly every phase of their chemical composition, improve-

ment by breeding and selection, culture, manuring, harvesting and
curing or storage. Many of the results have been of direct practical

value and have materially influenced the methods followed by farmers.

These investigations have also led to a greater diversification of agri-

culture in inany regions.

The investigations which a number of our stations have made
regarding the storage of forage crops in silos and the use of silage for

feeding purposes have been of great importance in connection with

the development of dairying in this country. These have related to

the methods of constructing and filling silos, the best time for cutting

the crops to secure the maximum amount of nutrients, increasing the

richness of the silage by adding leguminous crops, and the feeding of

the product. The results of the investigations on silage have done
much to promote economy of production in dairying. The investi-

gations of the Illinois, Ohio, Indiana, and other stations, which dem-
onstrated the superiority of shallow over deep cultivation of maize,

have produced widespread changes in the culture of that crop.

The stations have performed a very extensive and useful work
relating to the use of commercial fertilizers. This is a subject of great

economic importance in almost all the States east of 1 lie Mississippi

River. The investigations of the stations have shown the fertilizer

requirements of different soils and crops and have led farmers quite

generally to recognize the desirability of a discriminating use of fer-

tilizers. More recently the stations have shown the feasibility and
general advantages of the home mixing of fertilizers by the farmers

themselves.
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In the States west of the Mississippi River the conservation of

moisture in the soil is an important factor in successful agriculture,

and the stations in that region have done valuable work in showing
the conditions under which the moisture is largely conserved, and by
introducing methods of tillage especially adapted to this purpose.

The investigations which the California station has made regarding

alkali lands have led to the reclamation of large tracts of land in that

State, which before were thought to contain alkali in such amounts as

to make them useless for agricultural purposes.

Among the horticultural investigations of the stations which have
given the most important practical results are those relating to the

introduction of new kinds ami varieties of fruits in different localities;

the increase of hardness and resistance to disease by grafting; the

culture and management of orchards; ihe storage of fruits, and the

heating and subirrigatioii of greenhouses. Those investigations which

have related especially to the forcing of vegetables in the field and
under glass have been a considerable factor in the rapid development
of tin- business of supplying markets in the United states with a large

amount of green food at all seasons of the year, even in the Stales

farthest North.

The work of the California station with reference to the culture of

grapes and olives and the manufacture of wine and olive oil have
proved a great aid to the development of the wine and olive-oil indus-

tries in thai Slate.

REMOVAL OF OBSTACLES To AGRICULTURAL INDUSTRIES.

The American stations have done a great work in aiding the farm-

ers in their contest with the natural enemies to successful agriculture

and in removing, in whole or in part, obstacles which hinder the prog-

ress of various agricultural industries. Under this head, the most

important investigations of the stations have been 1 hose relating to

insect pests and diseases of plants and animals.

The" following examples of work in entomology conducted by the

stations, which have been of great economic importance, may be

cited. Much has been done in the development of effective means
for the repression of such insects as the codling moth, plum eurculio,

chinch bug. Rocky Mountain locust, woolly aphis, cottonworm, cotton

boll weevil, San Jose scale, forest insects, and insects affecting stored

grain. Experiments with such insecticides as bisulphid of carbon,

hydrocyanic-acid gas, petroleum, kerosene emulsion, Paris green,

London purple, pyrethrum, and hellebore have brought out many
useful facts regarding the best ways in which to use these materials

in combating injurious insects. Much attention has been devoted to

the study of spraying apparatus, and various improvements in spray-

ing devices have been suggested b}T the stations, which have come
into general use. Among the most successful investigations of the

1 a 99 .35
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stations on plant diseases and their treatment have been those relating

to diseases of potatoes, cotton, cereals, sweet potatoes, beans, aspara-

gus, celery, pears, and grapes.

Among animal diseases, the work of numerous stations on tubercu-

losis has had widespread practical results. The methods of applica-

tion and the limitations of the tuberculin test have been thoroughly

and widely studied. Much attention has been given to the prevention

of hog cholera, using the serum made by the Department of Agricul-

ture, and also a somewhat different one worked out at the Nebraska
station, which is believed to reduce the percentage of infection very

materially.

Many experiments have been made in rendering animals immune to

Texas fever when taken into the region where it prevails, for breed-

ing purposes or for grazing, and in preventing the spread of the dis-

ease to new regions through the movement of cattle. The source of

infection of anthrax in Delaware has been traced to the pollution of

streams with the wash water from morocco tanneries, and much effec-

tive work has been done in the repression of this disease in that

State.

DEFENSE OF THE FARMER AGAINST FRAUD.

As stated elsewhere, the stations east of the Mississippi River have

been largely engaged in the control of commercial fertilizers. The
fertilizer business in this country involves millions of dollars, and
the stations have largely prevented the sale of fraudulent goods. The
stations have also done much to expose extravagant claims made for

commercial fertilizers as compared with farm manures. More recently

the stations in a number of States have been engaged in the inspec-

tion of feeding stuffs, dairy products, and nursery stock for fungous

diseases and insect pests. Besides the prevention of fraud by a regu-

lar system of inspection, the stations have also done much useful work

in this line in other directions. For example, their tests of varieties

of grain, vegetables, fruits, etc., have often shown farmers how
extravagant were the claims made for new varieties of plants. Their

tests of the purity and vitality of seeds, while not systematically con-

ducted, have yet done much toward making the farmer more careful

in his purchases of seeds. From time to time the stations have

exposed frauds relating to the sale of quack medicine for stock,

creamery construction and equipment, dairy products, butter increas-

ers and preservatives, adulterated foods and feedings stuffs, etc.

AID TO THE PASSAGE OK ADMINISTRATION OF LAWS FOR THE BENEFIT OF

AGRICULTURE.

The experiment stations, as well as the agricultural colleges, have

been largely instrumental in securing and administering Stale laws

for the inspection of fertilizers, nursery stock, dairy products, foods
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and feeding stuffs, creamery glassware, and Paris green; and for the

suppression of plant diseases and injurious insects. They have also

aided in the passage of laws establishing farmers' institutes, organiz-

ing associations for the promotion of agriculture, fixing a milk stand-

ard, quarantining animals for contagious diseases, regulating the sale

of o4eomargarine and kindred products, determining the apportion-

ment and measurement of water for irrigation, securing the improve-

ment of roads, etc.

EDUCATIONAL RESULTS OF STATION" WORK.

Broadly speaking, the most important results of the work of the

American stations during the past quarterof a century, and especially

daring the past decade, have been educational. As we have seen,

they have distributed very widely in their own publications a vast

amount of accurate and valuable information regarding the theory

and practice of agriculture, and have thus directly contributed on a

large scale to the technical education of farmers. As the result of the

investigations and publications of the stations, the agricultural books

and the agricultural journals published in this country have been

largely revolutionized. Instead of depending as formerly almost

entirely on foreign agricultural literature as the standard for agricul-

tural theory and practice, we have now a considerable body of dis-

tinctively American agricultural literature. If we contrast the mea-

ger amount of up-to-da te information on matters connected with his

art which was available to the American farmer ten years ago with

what we now possess, we will without doubt be convinced that as edu-

cating agencies the experiment stations have been a great success.

No nation has ever attempted the free dissemination of agricultural

information in so wide and thorough a way as has the United States,

and it is believed thai the results have justified the large expenditures

which have been made for this purpose.

One large result of the educational work of the stations has been

the general breaking down of the popular conception that agriculture

is not capable of improvement through systematic and progressive

researches in its behalf conducted on scientific principles. A wide-

spread belief has been awakened that with the aid of science agricul-

ture may be so lifted out of the ruts of a dead past that it will be able

to hold its own amid the growing competitions and complexities of

modern civilization. Some of the consequences of this new belief are

likely to be very important and far-reaching. Already the farmer in

this country is much inclined to demand that theories and assertions

regarding the practice of his art shall be brought to the test of rigid

and accurate investigation. Those who have in recent years followed

up the agricultural press or the farmers' institutes, testify that articles

or speeches which simply declare individual opinions or individual

experience no longer satisfy the farmer.
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Whenever new ideas or theories are brought to the attention of

the farmer he is very apt to inquire if the experiment stations have
looked into this matter, or he will at least demand that some sort of

positive proof shall be presented that it is wise for him to accept the

new proposition. While there has been at times widespread discon-

tent among the farmers with regard to their economic condition, it

may also be said that the experiment stations have done much toward
inspiring a feeling of hopefulness. The stations are not only giving

the farmer much information which will enable him to improve his

practice of agriculture, but they are also leading him to a more intelli-

gent conception of the problems with which he has to deal and of the

methods lie must pursue to successfully perform his share in the work
of the community and hold his rightful place in the Commonwealth.
As regards the stations themselves, we may confidently assert that

their past history gives great assurance of increasing strength and
efficiency in the future. While they have encountered many difficul-

ties in their development, and there has necessarily been much cru-

dity in their work thus far, they have every year secured a better

equipment and more thoroughly trained officers. With increasing

resources they have been able to specialize their work more thoroughly

and to increase its scope. The}' have succeeded in securing to a

remarkable extent the confidence of the people for whose benefit they

were primarily established, and have thus had no difficulty in obtain-

ing financial support from Congress and the State legislatures. The
people generally have come to regard the stations as permanent insti-

tutions and are convinced of the usefulness of their work. They will

therefore enter upon the twentieth century with bright prospects for

the development of their researches in scientific thoroughness and

accuracy and for the securing of larger practical results.
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INTRODUCTION.

The history of the development of the seed business <>t* the country

is one of the most interesting chapters in American horticulture.

From small beginnings in the later colonial period the business has

mown so that to-day its value is measured by the tens of millions.

Carried on at first in small shops, where a few boxes of seeds shared

a corner with codfish or a shelf with calicoes or books, it lias come to

claim for itself immense warehouses and business establishments

whose interests extend 1<> every portion of the globe. The trade has

grown with the growth of the country; and its leaders have influenced

popular taste for good vegetables and line flowers, creating and stim-

ulating a demand which only their enterprise could suffice to meet.

When the Pilgrims landed on the rocky shores of Massachusetts

they brought with them seeds of the plants they had cultivated in their

English and Dutch homes. Their first care was to secure the neces-

saries of life; corn, barley, and peas were planted and fruit trees set

out. The early records of horticulture are almost entirely devoted to

the discussion of fruits, the introduction of improved varieties of

apples, pears, and plums occupying a much larger share of attention

than the improvement of vegetables. The latter were, however, only

second in importance to indian corn. William Wood gives a list of

vegetables grown in New England before 1633, and adds "whatever

grows well in England grows as well there, many things being better

and larger." A century later there is a distinct reference to saving

garden seeds. Justice Dudley, of Massachusetts, writing in 1733,

says "an onion set out for seed would rise to 4 feet inches, and a

parsnip would reach 8 feet."' Some agricultural seeds were certainly

raised, and they formed an article of commerce as early as 1747. In

his interesting book on "Farm husbandry" the Rev. Jared Eliot has

much to say about clover, and in the first essay published, 1748, he

urges the liberal use of seed because an acre of clover will produce 2

bushels of seed worth 35 pounds, "Old Tenor." l That clover seed was

1 The colonial currency was of three values, and was known as ''Old Tenor,"

"Middle Tenor," and "New Tenor;"' the "Old Tenor"' was below par, but the

rates varied in different colonies.
549
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not abundant, however, is shown by the high price and the fact that

in 1773 James Vaux, of Pennsylvania, imported some from England,

because it was difficult to get in America. In 1787 Vaux, in a paper

before the Philadelphia Society for the Promotion of Agriculture,

advocated a bounty on clover seed in order to encourage its use by
reducing the price.

SEED SELLING.

DEALERS PREVIOUS TO THE COMMENCEMENT OF THE PRESENT CENTURY.

The first record of seeds for sale that the writer has been able to

find is in the Newport, R. I., Mercury of 1763, where Nathaniel

Bird, a book dealer, advertised garden seeds just arrived from Lon-

don. Connecticut-grown onion seeds early acquired more than a

local reputation. In 1764 Gideon Welles, "on the Point," announced
in the Newport Mercury that he had some choice Connecticut onion

seed for sale. Other advertisements ran through the following years,

among them one by Charles Dunbar, gardener. We get some idea of

the prices of seeds from Dunbar's advertisement of 1767, where the

following are given: Peas and beans, 30 shillings 1 per quart; Stras-

burgh onions and orange carrots, 25 shillings per ounce; early cab-

bage, 40 shillings per ounce, and "collinower," 6 pounds per ounce.

An N. B. informs us that "said Dunbar has to sell a great variety of

flower seeds."

In New York City hemp and flax seeds were advertised for sale at

least as early as 1765 and garden seeds in 1776. In that year Samuel
Deall, a dealer in general merchandise on Broad street, opposite the

end of Weaver street, kept "a general assortment of seeds," many of

which he names, including red clover, grass, and "Saintfoine" for

improvement of land.

In the New Hampshire Gazette field seeds wTere advertised as early

as 1766 and garden seeds in 1770. But Boston was the chief city for

the sale of garden seeds, as it was the commercial center of the time.

In the Boston Gazette of 1767 six out of twenty-six advertisers were

dealers in seeds. Some of these did not advertise other goods, but it

is doubtful whether they were seed dealers exclusively. In the spring,

when these advertisements appeared, the trade in seeds was probably

more important than any other branch of their business. Some of

these dropped out and others appeared in later years, but several

advertised regularly each year until 1773. 3 William Davidson, the

gardener in Seven Star Lane, offered in 1768 seeds of b^'> variel i< a

of vegetables and herbs, and of one flower, the carnation. Some of

1 The value of the currency had fallen so low that in 1759 it required 2,:J00 pounds

in currency to equal 100 pounds sterling; these conditions were only beginniug to

improve in 17G7.
8 In the file accessible to the writer there is a break here, the next number being

in 1777.
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his prices were as follows: Lettuce, 3 to 4 pence per ounce; cabbage,

9 pence to a shilling per ounce; cauliflower, 3 shillings per ounce;

carnation, 4 shillings per ounce. Most of the other vegetable and

herb seeds ranged from 2 pence to a shilling per ounce; peas, Early

Golden Hotspur and Early Charlton, were worth 24 shillings the

bushel or 10 pence per quart. Davidson dealt in seeds wholesale

and retail for cash.

The war of independence, interrupting as it did the regular chan-

nels of trade, interfered with the importation of seeds, and the few

garden seeds offered during this time were either imported from Hol-

land orwere taken from prize ships. Immediately after the war there

was a revival of the trade in seeds, and in 1784 John Adams, Susanna

Renkin, and Susanna Martin all advertised seeds just imported front,

London. These advertisements, however, soon after ceased, and in

17;"> John Adams advertised for the last time in the Boston Gazette.

It is not to he supposed that the absence of advertisements indicates

the total cessation of the trade in seeds. This either (lowed in other

channels or the traders lost enterprise. But with the advertising

habit well formed as it was prior to 1770, the total absence of adver-

tisements of seeds for sale certainly indicates an unhealthy condition

of the tiade.

In Philadelphia and New York seeds were but little advertised,

whatever the trade may have been. In Philadelphia in 1772 Peteliah

Webster sold clover and duck grass seed, and in 1775 James Long-

head made known to the public that he kept "a quantity of the

largest kind of colly-flower seed, found on trial to be extraordinary

good." In 177") David Reid, who styled himself "Gardener and seeds-

man," advertised seeds for sale at his stall at the courthouse, and in

17^1 purchasers were advised that flower seeds and seeds for the

kitchen garden, "imported from Holland, can be procured next door

to General Philip de Haas, in Third street, near Race street."

During the remaining years of the eighteenth century the papers

contained few advertisements of seeds, and we can trace no connection

between dealers of pre-Revolutionary times and those of the opening

years of the nineteenth century. It is not probable, however, that

there was a time when seeds could not be bought in any of the large

towns. The people were fond of gardening, the population was rap-

idly increasing, and there is no reason to suppose that the demand for

garden seeds was less than before the war. This demand was doubtless

partly supplied by the market gardeners, one of whom, David Lan-

dreth, established himself in Philadelphia in 1784, and engaged in

the market gardening, nursery, and seed-growing business. The last

was at first of small importance, and for many years the nursery

occupied most of his attention. Seeds were almost entirely imported,

and American gardeners had yet to learn that seeds could be as well

grown here as in England. In spite of this, however, the seed business
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seems to have increased in importance until, in 1848, David Lari-

dreth, jr., sold the nursery and became exclusively a seed grower and
merchant.

THE TRADE DURING THE FIRST HALF OF THE CENTURY.

One of the first seedsmen of the present century was Bernard

M'Mahon, gardener, seedsman, and author, who in 1800 opened a

seed store in Philadelphia. Fortunately, we have a description of his

store, which throws light on 1he condition of the trade at that time:

His store was in Second street, below Market, on the east side. Many must still

be alive who recollect its bulk window, ornamented with tulip-glasses, a large

pumpkin, and a basket or two of bulbous roots. Behind the counter officiated

Mrs. M'Mahon, with some considerable Irish accent, but a most amiable and
excellent disposition, and withal an able saleswoman.

Mr. M'Mahon was also much in the store, putting up seeds for transmission to

all parts of this country and Europe, writing his book, or attending to his corre-

spondence, and in one corner was a shelf containing a few botanical or gardening

books, for which there was then a very small demand; another contained a few
garden implements, such as knives and trimming scissors, a barrel of pease, and a

bag of seedling potatoes, an onion receptacle, and a few chairs, and the room partly

lined with drawers containing seeds, constituted the apparent stock in trade of

what was one of the greatest seed stores then known in the Union, and where was
transacted a considerable business for that day.'

In the fall of 1805, Grant Thorburn began to sell seeds in Xew York,

and subsequently built up a substantial business. During the next

quarter century seed stores were opened in Baltimore, Boston, and
Charleston, S. C. as well as in Philadelphia and New York, and there

was a considerable trade in Shakers' seeds. These Shakers' seeds were

popular as early as 1818. They were sold by regular dealers, and wore

peddled about the country in the Shakers' wagons. The population

of the United States had increased from a little more than three mil-

lions of whites inl790 to ten and a half millions in 1830. In 1700 this

population was practically confined to a narrow strip along the Atlan-

tic seaboard. Forty years later it had overflowed into the rich val-

leys beyond the mountains.

To meet the growing demand for vegetables and flowers, these ten

and a half millions required more than three and a half times as many
seeds as were used in 1790. Dealers established themselves in the

principal cities and crossed the Alleghenies in the rear of the wave
of settlement that swept into the Ohio Valley. The large cities became

centers of distribution for the surrounding country, but the trade

remained essentially local, though the larger houses did a wholesale

business and supplied country dealers with their stocks, put up in

packets for the retail trade. But transportation was slow and expen-

sive, and the modern development of the postal service was as yet

undreamed of. The amount of seed sold in Ohio at this time was

insignificant. Mr. Parsons Grorham, a grocer and seed dealer in

The American Gardener's Calendar, eleventh edition.
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Cincinnati between 1827 and 1831, seldom carried a stock of more than

50 bushels of grass seed; and when, in 1831, S. C. Parkhurst opened

a seed store, lie sold in one year not more than 600 bushels of timothy

and clover seed, while before the end of ten years his trade had
increased to 6,000 bushels. Seed houses were opened in Mobile and
New Orleans, and in 1844 William W. Plant began the sale of farm
tools and seeds in St. Louis.

While most of the trade between 1820 and 1850 was local or whole-

sale to country dealers, a change took place with the advent of the

locomotive. The larger houses reached out for wider fields, made
accessible by the railways, and new firms sprang up in every city of

considerable size. Locomotives were unknown in the United States

before 1829 and were scarcely used before 1832. At the end of 1835

there were 1,098 miles of railway in the United States; in 1850 the

total mileage was 9,021, and in 1860 it was 30,635.

This rapid increase in the railways not only opened up a vast and
flourishing country, but facilitated transportation in the East and
made possible the immense development of the mail trade. The mails

brought the seedsman t<; every door; a letter brought a catalogue, and

a few cents paid the postage on an order of seeds. The changes in

the rates of postage and the regulations of the post office have at times

helped or embarrassed the trade; but, though cheap postage has

st imulated, higher rates have never checked the growth of the business.

DEVELOPMENT OF THE SEED CATALOGUE.

Along with the reaching out for trade beyond the limits of the home
city came first the increasing size and prominence of the catalogue,

and soon after a more attractive method of advertising. Seed cata-

logues were offered at least as early as 1805, but these were mere lists

and were not intended for general distribution. For forty years most
of them remained essentially price lists, ami were offered only as an

afterthought in an advertisement. Grant Thorburn's catalogue is,

so far as the writer knows, the only one issued in pamphlet form as

early as 1823. In 1825 his little book of about 4 by 7 inches in size

contained 87 pages. Besides the usual retail price list, there was a

wholesale list, and catalogues of bulbs, of flowering plants, and of

tools. Brief directions for planting were given, and there were some
longer articles on the culture of special grasses.

Shortly before the civil war the catalogue became more prominent.

It was increased in size and issued in pamphlet form. The varieties

offered were more or less carefully described, cultural directions were

given, and an almanac and calendar of gardening operations was a

frequent and prominent feature. A few illustrations appeared before

1807, but after that date their number steadily increased, and before

1870 colored plates were introduced.

There have been changes in the advertisements in some respects
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similar to and in others quite different from those which have taken

place in the catalogue. The old advertisements contained long lists

of varieties, with prices, and differed little in type and style from the

body of the paper, though sometimes more striking headlines were

used. Gradually the advertisement "was decreased in size, but was
made more striking to the e}*e, and the announcement of the new
catalogue occupied a prominent place. About 1870 the advertise-

ments began to be more fully illustrated with cuts of those vegetables

and flowers to which special attention was called. From this time

on the style of advertising changed rapidly, always tending toward
larger headlines, more illustrations, and such devices of the printer's

art as would most surely catch and hold the reader's attention.

The early garden calendars were designed largely for distribution

by the country dealers, who bought the seeds at wholesale. There

was as yet but. little direct contact with the distant consumer, as the

mail trade was in its infancy. But with the increase of the postal

facilities dealers began to depend more upon their catalogues. The
offer to send catalogues free became a prominent part of a seed adver-

tisement, and every effort was made to render the catalogue attractive.

Year by year the illustrations increased in number and quality, and
pages of useful information gave it some title to rank as a garden

guide.

Novelties were not so numerous twenty years ago, and they did

not receive the prominence the modern catalogue accords them.

Before 1880 a special place in the seed catalogue was not generally

given to novelties. Some firms gave prominence to new varieties,

but many of the leading houses either ignored them or simply added

to their regular list such as they found worthy. To-day, however,

there is not an important catalogue but gives more or less space to

novelties, and the descriptions of these are frequently printed on

tinted paper or made attractive by devices of the printer's art. Some
varieties remain in the novelty pages of one catalogue or another for

years, and not infrequently a novelty will reach the age of two or

three years in the catalogue of the same firm. Seedsmen are on the

alert for novelties; they are the money makers, and, besides, every

really good introduction extends the reputation of the introducers.

Many of the new varieties drop out after a year or two, being found

wanting in some important particular and unable to make head

against the old favorites; but others have intrinsic merit, and it is by

the addition of these that our horticulture is enriched. The sue.

of a novelty may be said to depend largely upon the introducers, since

reputable firms endeavor to place only approved sons in their novelty

list; and, although even they are sometimes mistaken, the varieties

thus introduced are more likely to possess merit than those heralded

as possessing all sorts of impossible qualities and overburdened with

a profusion of adjectives.
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The modern catalogue is the seedsman's agent. It tells the pro-

spective customer of the business it represents, setting forth in an

attractive manner the superior merits of the seeds it offers. It must

not only attract the eye, hut must appeal to the judgment and to the

imagination of the buyer. But the catalogue is more than the seeds-

man's agent— it is a text-book of horticulture. Millions of these illus-

trated catalogues find their way every year into rural homes. They

are studied and compared, and much of the amateur gardener's knowl-

edge of varieties is obtained from the seed catalogues. It is highly

important, therefore, that the catalogue should he honest ; it is perhaps

too much to ask that it be conservative. The pictures should be as hon-

es1 as the text, since the good effects of an accurate description may be

ruined by an exaggerated illustration. Nor would honesty in text and
4

figure exclude the proper praise of meritorious varieties; on the con-

trary, figures that are clearly not overdrawn and descriptions at once

ami complete will do more than the extravagant use of adjectives

to inspire confidence, both in the qualities of the variety and in the

-man's knowledge of them. Fortunately, most of our large houses

do not seriously transgress in this matter; but there are some that do,

ami many irresponsible firms seem to think that they can make up in

printer's ink what they lack in experience ami reliability.

It would doubtless be difficuH to say how many well-edited cata-

logues are published in the [Jnited States. Seedsmen would naturally

differ in their judgment. In good catalogues two things are accom-

plished—the varieties are carefully described and so arranged that

the purchaser can readily find what he wants. These catalogues

describe in a U-w words the essential characteristics of the varieties,

and in many cases these are grouped, as with cabbages, into first or

early, second ov summer, and late or autumn sorts; or with lettuce, as

heading or not heading, and Cos varieties, for forcing or outdoor cul-

ture, and spring and summer varieties. This grouping is of great

assistance to purchasers unfamiliar with the varieties described, help-

ing them to select tic sorts best suited to their location and needs.

Naturally, many more varieties are offered than are desirable in one

garden. Some of these would be better left out, but they are popular

in certain places and must be offered to hold that trade. Others, again,

do better in one section of the country than in another, while a third

class are merely synonyms of other varieties also catalogued. It is

the aim of every careful seedsman to weed the synonyms out of his

catalogue as much as may be; but with the present total lack of sys-

tem in horticultural nomenclature it is difficult to arrive at perfection

in this matter. So long as anyone can change a name and thus make
new varieties from old ones, or can add his name to that of an estab-

lished variety, a large number of synonyms must be expected, nor can

the student of horticulture ever be sure that varieties of the same

name are alike. It is also true that seedsmen often feel compelled to
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list names they know to be synonyms because the variety is known
and called for under that name. It would be better, however, to iist

the variety under its proper name and add the synonym if necessary.

A tendency in modern catalogue making that promises well for the

future is the increase in the use of half-tone illustrations. Many of

the leading catalogues are adopting this method of illustrating, and
in some it has become a feature. The older woodcuts, as well as many
of the exaggerated illustrations of to-day, have lost their power to

charm and to deceive. The public wishes to know as nearly as possi-

ble what the seed will produce under favorable conditions; it is the

real, not the ideal, that is wanted. The seedsman may strive for the

latter in breeding up his variety, but while this ideal is still unreal-

ized ho should hold his imagination in check when deciding on the

illustrations for his catalogue.

Summing up catalogue making, a writer a few years ago said:

The work of compilation on the modern catalogue is thorough and exhaustive,

calling for vast knowledge of every branch of trade and an intimate acquaintance

with a fluctuating mai^ket. The arrangement for a thorough supply of the stock

to be advertised, the ability called into play to gauge what all his rivals are going

to push and the prices they will charge, marshaling order out of chaos, writing

and telegraphing to every corner of the globe, watching the work on the illustra-

tions, and scores of minor matters to be regulated, call into play faculties of supe-

rior order, and make many a man old before his time from the tension on the

system in the getting out of the great annual catalogue. 1

THE GROWTH OF SEED HOUSES.

The seed trade has changed quite as much as has the catalogue.

The barrel of peas has grown to hundreds of bags, and the few thou-

sand of packets to millions. The large modern seed stores, whether

devoted to the local or to the mail trade, are models of convenience

and of system. In most of them fanning mills of the monitor or clip-

per type are constantly employed in cleaning and grading seeds, and

from the cellar to the mailing room everything is so arranged that

orders may be filled with accuracy and dispatch. During the late

summer and early fall the force is employed in addressing envelopes

for catalogues and in packeting seeds in readiness for the busy

months. In the order books there is an entry for every post office in

every State, no matter whether an order has ever been received from

that office or not.

Thirty years ago one hundred letters a day was considered a large

business; to-day some houses receive over six thousand letters a day

during the busy season. Firms that twenty years ago employed only

one or two clerks now employ a hundred during the winter months.

Throughout the AVest the seed business has flourished; a Wisconsin

firm writes that ils business lias increased 500 per cent in the last

fifteen years; a single warehouse of a Western firm now has between

7 and 8 acres of floor space.

Florists' Exchange, March, 1895.



SEED SELLING, SEED GROWING, AND SEED TESTING. 557

THE EXPORT TRADE.

That the growth of the trade during the century has been great

scarcely needs emphasizing, but it is difficult to secure figures show-

ing the rate of increase. Only a few seed houses antedate the civil

war. ami the great majority are of recent origin; the statistics of

exports date from 1855 and no separate records of imports of seeds

were kept before 1873. Clover and grass seeds, especially timothy,

have always taken the lead in the seed export trade, and until recent

years garden seeds have not been a considerable factor in the total

values. In 1825 some 10,000 bushels of clover seed were exported to

England within a few months. How long this trade had existed we
do not know. From L855 to 1864 there is no record of any seeds

exported except clover, but the value of exports increased from

$13,570 in 1855 to $2,185,706 in 1863, the war apparently having no

effect on the trade. The total value of the clover seed exported dur-

ing this period aggregated $5,393,663. During the decade ending

with 1880 clover seed was not separately entered except in the last

year, but the total exports of seeds amounted during that period to

$20,739,277. The aggregate was increased by more than 83,000,000

before the end of 1890. From 1891 to 1898 there has been a slight

reduction in the average annual value of seed exports and also in the

amount of clover ami timothy seed sent abroad.

SEED (.ROWING.

Before the beginning of the century only three seed farms had been

established in the [Jnited States, though for many years seeds were

grown by farmers and market gardeners. Home-grown clover and
grass seeds, flax, hemp, and Connecticut onion seeds were on the

market during colonial times, but the impression prevailed that gar-

den seeds could not be successfully grown in America, and for the

first sixty years of this century almost all the vegetable and flower

seeds were imported. It was natural that clover and grass seeds of

American origin should b'e offered earlier than garden seeds. The
former grew freely throughout the colonies and produced seed in

abundance, while it required special skill and care to raise good gar-

den seeds. Eliot, in 1747, and Spurrier, in 1793, both refer to clover-

seed and grass-seed crops, and describe methods of harvesting and

cleaning. Nicholson, in the Farmers' Assistant, 1811, describes most

of the grasses used to-day, and says that they seed freely. Flaxseed

was an article of export at an early day, and a considerable quantity

of clover seed was sent to England in the early years of the century.

ESTABLISHMENT OF SEED FARMS.

The present development of garden-seed growing began when David
Landreth established a small seed farm at Philadelphia in 1781. At
first but a few acres were cultivated, and these were mostly occupied
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by tlie nursery. As the business grew, more land was added, until in

1860, some 600 acres were under cultivation near Philadelphia alone.

The Shakers, who came to America in 1774, began growing seeds at

Mount Lebanon, N. Y. , twenty years later. During the first quarter of

the nineteenth century their seeds were more popular than any others,

and outside of the large towns they supplied almost the entire demand.
The well-known probity of these people and the excellent culture of

their farms gave their seeds a wide reputation. Their wagons went
from village to village, and they also sold on commission at 25 per

cent, taking back the seeds that remained unsold. In 1339 the

Shaker colony at Tyringham, Mass., devoted 1 or 5 acres to the culti-

vation of garden, medicinal, and herb seeds, and their annual sales

sometimes amounted to more than $3,000. A seed farm was established

at Enfield, N. II., in 1795, one in Connecticut between 1810 and 1820,

and three more before 1S30. Other seed farms existed for a short

time, but were abandoned. The Clairmont seed gardens near Balti-

more, Md. , supplied some of the dealers of that city about 1851 and
probably earlier. At a still earlier day there was a seed garden in

Xew Jersey, on which Grant Thorburn spent his fortune between 1808

and 1813. Thorburn failed and temporarily retired from the seed

business. Of the other seed farms in existence in 1890, thirteen were

established between 1830 and 1840; fifteen between 1840 and 1850, and
nineteen during the following decade.

RAPID INCREASE IN SEED GROWING DURING THE LAST FORTY YEARS.

The opening of the civil war found the country still largely depend-

ent upon imported garden seeds. The heavy taxes and the premium
on gold raised the prices of all imported seeds to such an extent that

the dealers began to look anxiously for a home supply. During the

first year of the war the trade in seeds fell off, prices were high, and
seeds scarce. This condition stimulated home production, and as

many seed farms were established between 1860 and 1870 as during

the thirty years before the Avar. It was found that many vegetable

seeds could be grown as well in this country as abroad, and that all

kinds, for which the climate and soil were suitable, Avere much more
safely grown under the eye of the dealer. GroAA-ers also became more
expert, and market gardeners found that they could get as good seeds

from the seedsman as they could saA*e themselves, and at less than

one-half the cost. The seed grower secured a critical and profitable

trade, and the market gardener found a reliable source of supply for

his seeds. This critical trade and the constant demand for better

varieties stimulated the seed groAver to do his best work. Seeds of

the standard varieties were more carefully grown and new sorts, ear-

lier, Larger, or of better quality made their appearance every year.

But it Avas by demanding reliable seeds rather than new A'arieties

thai the market-garden trade exercised the best influence upon the
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seedsman. To a man who expended annually $100 to $300 per acre

for labor and fertilizers, it was of the utmost importance that his seed

should produce exactly what he expected, and he well knew that it

was not economy to buy cheap seeds. His valuable trade, when
secured, was retained only by supplying seeds of the highest quality

regardless of cost.

Since the close of the war the business of seed growing has rapidly

increased. Notwithstanding some importers of seeds declared in

18G7 that American seed growing was a myth, there were at that time

more than 2,000 acres devoted to raising vegetable and flower seeds.

In 1S7S, Mr. J. J. II. Gregory estimated the total area devoted to

growing garden seeds at about 7,000 acres. Of these, 3,000 in the

State of New York produced peas and beans; 250 acres, other vege-

table seeds; and 50 acres, (lower seeds. The remainder was distrib-

uted as follows: Michigan and northern Illinois, 1,600 acres; Penn-

sylvania and New Jersey, 1,000 acres; Massachusetts, Rhode Island,

and Connecticut, 1,000 acres. The acreage for California is not given,

but seed growing in that State was then practically confined to lettuce

and onion seed, and the industry had been established for only about

three years. Of the kinds of seeds which were sold in the United

States, Mr. Gregory said:

More or less of half the varieties are imported. Of mangel-wurzel, about all;

ruta-baga, about nine-tenths: spinach, about nine-tenths; cauliflower, nearly all;

lettuce, about half: carrots, about half; eggplant, about half; parsnip, about

one-third; radish, about all. * * * It is the general belief of American seeds-

men that foreign-grown radish seed is larger and better than home-grown. Pars-

ley seed is largely imported. Brussels sprouts, broccoli, chicory, endive, kohl-

rabi, and Swiss chard are almost wholly imported, as is salsify, to a large extent.

Of celery, the finest varieties are grown in this country in the vicinity of our large

cities. Of cucumbers, but a few, and those of the fancy-frame sorts, are imported.

Of peas, niost«of the hard sorts are home-grown, and probably rather more than

half of what are called the softer or wrinkled varieties. The Dutch or rough-leaved

turnip seeds are all home-grown. Of cabbage seed, but few varieties are imported,

and these are confined almost wholly to a few early sorts. Onion seed is almost

entirely an American crop. 1

Besides the above, the seeds of beans, corn, squashes, tomatoes,

and melons of all kinds were home-grown.

In 187S seed growing was in its infancy in California. Seeds had
been raised here and there since 1851, but the systematic development

of the industry began in 1875, when R. W. Wilson planted 50 acres

to beets, onions, lettuce, and carrots for seed purposes. From this

beginning the business has grown to enormous proportions. A single

firm of growers devotes annually some 2,000 acres to seed crops, and
many other growers in California, Oregon, and Washington have
built up a creditable business. "Onion and lettuce are staple seed

1 Gregory, J. J. H. : Culture of Vegetable Seeds, in the Report of the Connecticut

Board of Agriculture. 187S, p. 110.
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crops, while carrot, celery, leek, endive, kale, kohl-rabi, parsnip, and
parsley are all grown by California seed growers." In Washington
cabbage and cauliflower seed is grown, and, although Paget Sound
cauliflower seed does not yet enjoy the reputation of the Danish, fur-

ther work may demonstrate that good seed can be produced in that

region. PI. XLVI shows a field of onions in California, and the

method of thrashing the seed.

The census of 1800 showed that there were in the United States 596

seed farms, containing 1(39,850 acres, of which 96,567^ were actually

producing seed crops. Of these farms, 200 were established between
1880 and 1890, and it is safe to sajT that a large proportion of the 189

farms unaccounted for were also established during that decade. If

this is true, about one-half of the seed farms existing in 1890 had
originated since Mr. Gregory estimated, twelve years before, that in

the United States 7,000 acres were devoted to garden seeds. But the

census returns do not show the total number of acres actually devoted

to growing seeds.

Seedsmen have for years grown most of their seeds on the contract

system, contracting with farmers in different parts of the country to

grow the seeds to which their soil and climate are best suited. Many
of these men grow onty one or two varieties, and in 1890 they made
no returns to the Census Office. It is impossible to say how many
acres are thus used for seed production, but many firms secure almost

their entire supply in this way. In 1892 a grower stated that one firm

had that year contracted for the product of 13,000 acres of vegetable

seeds.

It is probable that Gregory's estimate in 1878 is too low; but even if

it is doubled, it is still evident that during the ten years following 1880

seed growing increased out of all proportion to the increase in popu-

lation. This overproduction was severely felt by growers everywhere.

Before 1883 seed growing was very profitable, but since that date com-

petition lias been so keen and the demand for cheap seed so great that

the profits have been much reduced. The financial panic of 1893 was

felt by seedsmen as well as by those in other lines of business, but the

trade is now rapidly recovering from that crisis.

The production of seed is, however, still increasing. Mr. C. L.

Allen, a good authority, estimates that 100,000 acres are now annually

devoted to peas and half as many to beans. In 1878 we imported

half our wrinkled sorts; now we supply shortages abroad and import

only in ease of failure of the crop.

THE GROWING OF FLOWER SEEDS.

Flower seeds are extensively grown in California Edward J.

Wickson in L897 said:

Various flowers have been grown for seed; in fact, a great assortment of varieties,

and while nearly all kinds flourish, there is so much hand work and close applica-

tion necessary that we have not heen able to successfully compete with Europe
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Fig. 1.—Field of Red Wethersfield Onions in California.

Fig. 2.—Thrashing Onion Seed in California.
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Fig. 1.—Field of Tulip-Flowered Poppifs in California.

Fig. 2.—Field of Prima Donna Sweet Peas in California.
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on most things. Sweet peas, nasturtiums, cosmos, verbenas, petunias, and asters

are quite successfully grown, and the seed trade now looks to California for most

of the sweet peas and a great many nasturtiums.

Southern California has several very prominent growers of fine double petunias

and other plants. The rapid advance of the California sweet-pea seed in popu-

larity is most marvelous. A beginning was luade in this line in a moderate way
about 1885, when there were not over a dozen varieties listed. At first about a

quarter of an acre was grown; now one grower alone has grown from 150 to 200

acres of them each year for the past five years, and there are no less than 125

varieties in his complete list. This grower has introduced more than 20 varieties

of great merit in the last three years, among them the famous race of "Cupids.
-
'

So important a factor have the California sweet-pea growers become to the seed

trade that some dealers come from the East annually to inspect the growing

crops and to hunt for novelties in the sweet-pea line. 1

Some flower-seed growers devote themselves largely to the produc-

tion of new varieties. The seeds of these bring a better profit than

those of the common soils, which can be more cheaply grown in

Europe.

In the Eastern United States flower seeds have been grown to some

extent for at least (illy years. In 1849 James Viek began to grow
flower seeds in New Fork Stale, and daring the sixties flower seeds

were grown in New Jersey, Pennsylvania, New York, and in New
England. The amount raised was, however, never more than a small

portion of that needed for the trade, and the greater part of the

flower seeds sold was imported from Europe. This condition exists

to-day. Flower seeds are grown in a number of places throughout

the United States, hut only a small portion of the trade is supplied

with home-grown seed. Outside of California, limited amounts of

flower seeds are grown, the principal kinds being asters, phlox,

petunia, verbena, portulaca, zinnia, balsam, hollyhock, pansies, sweet

peas, begonias, coleus, and some greenhouse plants. PI. XLVII
shows fields of poppies and sweet peas grown for seed in Santa Clara

County, Cal.

SECTIONS AND CONDITIONS FOR PROFITABLE SEED GROWING.

The United States raises practically all its beans, and most of

its cabbage, the best being grown on Long Island, while the cheaper

trade is supplied from abroad, or from sections of this country where

the seed can be grown cheaply. Carrot seed is largely grown, some of

it in California, but the best is imported or grown in New England.

The latter costs the most, though many dealers claim there is no dif-

ference in quality; but Mr. Allen thinks otherwise. He says: "Tests

frequently made show conclusively that a larger yield of carrots can

be obtained from Rhode Island and Connecticut grown seed than from

the best imported." All corn, celery, lettuce, onion, melon, tomato,

pepper, squash, and pumpkin seeds used in the United States are

home-grown. All the cucumber seed except that of the French

1 California Vegetables, 1897.

1 A 99 36
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varieties is produced here, as is nearly all the eggplant and kale, and a

great deal of the beet seed. Sugar-beet seed is grown to a limited

extent, and, with the further development of the manufacture of beet

sugar, it will become an important industry. The best Brussels

sprouts seed is grown here, most of the okra, and a great deal of the

parsley, mustard, and spinach. Radish is grown to some extent, espe-

cially about Philadelphia, but many dealers do not consider American

seed, at least of the small early sorts, equal to the best imported. Many
other kinds are raised in a small way, but growers can not compete with

the cheaper imported seed. There is, unfortunately, a great demand
for cheap seeds, and low grades of many sorts can be imported more prof-

itably than they can be produced by the American grower. Garden
seeds are grown in most of the Northern and Western States and a

few in the South. Many kinds are largely produced in certain favor-

able sections, as beans in New York State; cabbage on Long Island;

peas in Canada, Michigan, and Wisconsin; vine seeds in Nebraska;

and onion, lettuce, and sweet peas in California.

The value of a locality for seed growing depends upon favorable

soil and climatic conditions and upon the supply of cheap labor at

harvest time. Lack of labor often prevents the profitable culture of

seed in places where conditions of soil and climate are favorable. The
best onion seed is produced in Michigan and Connecticut, but for the

general trade these seeds can not compete in price with the California

product.

In general it is the practice of the seed trade to grow jriants for seed

purposes where the product attains the greatest degree of perfection.

Seedsmen know where to look for their best seed as well as for the

cheap grades, and when they have a discriminating trade they do not

handle seed of questionable .pedigree. Certain localities are specially

adapted to certain varieties; onion seed grown in Southport, Conn.,

tends to produce round bulbs, while that grown at Wethersfield, in the

same State, produces flat ones. A seedsman, besides being a thorough

agriculturist, must know the character and wants of every variety.

Fifty years ago there were few seedsmen who understood varieties.

To-day the seedsmen are variety experts, and note with accuracy

differences so minute as to escape those not trained in their school.

A shade of color in a sweet pea, the crumpling of a lettuce leaf, a

slight difference in the shape of a bean or pea pod, all these are noted

in the field and the plants saved or discarded as they conform to or

depart from the type.

If anything is wanted, it is a greater fixedness of type. The tend-

ency is toward the production of new varieties rather than the fixa-

tion and improvement of existing types. This results in unstable

characters and in the speedy "running out " of varieties, whether by
improvement or deterioration.
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:
ig. 1.—Field of Silverskin Onions on Bloomsdale Farm, Philadelphia, Pa.

Fig. 2 —Prize Head Lettuce, Grown on Department of Agriculture Trial
Grounds: The Plant at the Left from Carelessly Grown Seed, the one at
the Right from Properly Grown Seed.
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GROUPS OF SEED PLANTS.

To the seed grower plants fall into two groups—annuals and bien-

nials; the former being such as produce a seed crop the same season

that the seed is planted, while the biennials must be kept over winter

and produce a crop about fifteen months after sowing. To the latter

class belong cabbage, onion, turnip, carrot, parsnip, beet, winter

radish, etc. In many respects these present greater difficulty to

the grower, because the chances of failure are much increased. The
crop may succumb the first season to any of the dangers always

stting plants; the plants or roots ma}- spoil in the trenches or cel-

lars during the winter, while if these dangers are safely passed it is

still possible for the seed crop to be blighted at the eleventh hour.

Onions may promise a bountiful crop till within a few days of harvest

and then suddenly fail. Cabbage may be carried safely through the

winter only to be finally ruined by an insect attack. Even in annuals

the chance of loss is greater than any the market gardener encounters,

the plants being longer on the ground and exposed to attack from

more points than when the crop is marketed in the green state.

An additional source of loss is the destruction of plants not true to

type. When seeds are carefully grown the fields are rogued so that

only plants showing the characteristics of the variety are left; the

remainder, no matter how good they may otherwise be, are discarded.

This is a source of loss, and when seeds are grown cheaply it is

avoided by permitting every plant to produce seed. The poorest

plants, as they come nearest the wild type, will usually yield the

most seed, but these seeds will in turn produce plants that will dis-

appoint the most careless gardener. Plate XLVIII, fig. 2, shows at

the left a lettuce plant raised from carelessly grown seed, and at the

right the same variety, Prize Head, from properly grown seed. Such
illustrations could be shown for nearly all vegetables, and the finer

the strain the greater the deterioration when the seed is improperly

grown.

All good seedsmen grow a special grade called "stock seed." This

is kept solely for their own use and is sent out to their different grow-

bo plant for the regular crop. This "stock seed" is grown and
saved with unusual care. Every precaution is taken to keep the

variety pure, and the selections are made with extreme rigidity.

Only the best plants are used and the destruction of so large a por-

tion of the crop makes the stock seed too expensive for general sale.

To absolutely prevent mixture the plants for stock seed are often

grown in the middle of a large field of the same variety intended for

crop purposes. This prevents the bees from bringing foreign pollen

to the selected plants, and insures purity of stock. The mixing of

varieties is something the seed grower has always to guard against.

To prevent this only one variety is commonly grown on a farm, and
care is taken to see that a near neighbor is not growing another
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variety of the same species. When only small quantities of seed are

raised, a block of the variety is frequently planted in the midst of a
cornfield.

HAEVESTING.

Harvesting operations must be carrieu on with great skill aud
care. Seed crops are usually cut when about two-thirds of the seed

is ripe. If left longer there is great loss from the rattling out of the

ripest seed. The seed stalks are cut with a sickle and laid on large

canvas sheets. The four corners of these are then drawn together

and the bundles carted to the barns. Here the seed stalks are laid

on scaffolds to dry, after which the seed is thrashed out. The flail is

the implement still most largely used in this work, though there are

various special machines in use. On the large farms of one Califor-

nia firm all seeds except onion are thrashed with a flail. Seeds sur-

rounded with pulpy flesh need special treatment. Tomatoes, cucum-
bers, and melons are first crushed in a press, or the seeds and pulp

removed witli a scraper. The entire mass, consisting of seeds and
pulp, is then allowed to ferment until the pulp is rotten. The mass
is then washed, the pulp rises, and is thrown out, while the seeds

sink and are drawn off and the light seeds removed with a fan. The
casks of fermenting pulp must be carefully watched, for if the proc-

ess goes too far serious injury to the seed may result.

AGRICULTURAL SEEDS.

Many years before the growing of garden seeds had become impor-

tant the farmers of this country had ceased to depend upon Europe
for their supply of farm seeds. Some of the staples even became
articles of export at an early day, and enough was grown of nearly all

sorts to meet the home demand. As agriculture advanced the use of

clover and grasses became more common, and the home supply of seed

from being unequal to the home demand, not only met the increase,

but began to be exported to England, and in 1841 a few bushels of

clover seed were sent from Cleveland, Ohio, to Canada.

For many years the United States has produced enormous quanti-

ties of clover and grass seeds, and exports have in some years amounted
to millions of dollars. The imports of grass seeds are confined to the

so-called fancy grasses, which can be more cheaply gathered in Europe

than here, and to cheap clover and grass-seed screenings. The latter

are imported to mix with higher grades, and thus lower the cost to the

seller. During the last few years a great deal of awnless brome-grass

seed has also been imported, but this is now grown in the Northwest,

and before long we shall be independent of the foreign supply. There

is scarcely a region in the United States in which some of our agri-

cultural seeds can not be grown, but their profitable production is

generally confined to more or less well-defined localities, depending

upon favorable climatic and soil conditions.
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Red clover is grown throughout the Northern and Central States,

but mainly in the country tributary to Toledo, Ohio, which is the

great clover-seed market. The culture of the seed is, however,

extending westward, and the time may be not far distant when Chi-

cago will take first rank as a clover-seed center. Timothy seed can

be grown wherever red clover flourishes, but its principal area lies

farther west, some counties in Iowa being the largest timothy-producing

sections in the world. Orchard grass, redtop, Kentucky blue grass,

meadow fescue, and the millets are grown in several of the Middle

and Western States, but the areas of production frequently shift.

Hundreds of tons of alfalfa seed are raised in Utah, and the teosinte

grown in Florida more than supplies the home demand. With few

exceptions these seeds are raised by the general farmer as a part of his

regular crop. Their production on regular seed farms has been

attempted, hut did not prove profitable, the prices that were satisfac-

tory when the seed was raised as a secondary crop not proving suffi-

cient to meet the expenses of special production.

Unfortunately, clover and the standard grass seeds have become

objects of speculation <>n the produce exchanges of the great cities.

This causes fluctuations in price entirely independent of the legiti-

mate supply and demand and frequently interferes with sales abroad,

buyers not being willing to invest while the market remains unsteady.

IMPROVEMENT IN HARVESTING AND CLEANING ORASS AND CLOVER SEED*.

In harvesting and cleaning grass and clover seeds there has been

great improvement. Not only have the harvester and the horserake

taken the place of hand labor, but the machinery for cleaning the seed

has attained a much greater degree of perfection than was thought

possible even twenty-five years ago. The evolution of the clover huller

has been gradual, and has progressed step by step toward its pres-

ent condition. In the early years of the century the seed was sepa-

rated from the heads with a tlail or by treading the straw with horses.

Later, milling machines were invented or sometimes regular flour mills

were slightly modified and used for hulling the clover seed. In the

American Farmer of 1821 Caleb Kirk described a mill for cleaning

clover seed. This was made somewhat like a flour mill, but the stones

were not allowed to touch. The miller received a toll of one-tenth

for his work, and the mills could turn out under the most favorable

conditions about 10 or 12 bushels of seed in a day. Several of these

mills were established about the country, but man}^ farmers still pre-

ferred to tread out the seed with horses, partly to save the toll and

partly because the milled seed, not being so clean, brought a slightly

lower price.

Another machine, invented by John Bolton, of Warren, Herkimer
County, N. Y., would clean 1 bushel per hour when run by water

power. It could be built for $30 or $40. Some time before 1831
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Thomas D. Burrall, of Geneva, N. Y., invented a machine that was
a long step toward the present huller. It was constructed with a

cylinder armed with thin triangular iron teeth, revolving over a bed
of perforated sheet tin. Below the cylinder was a fan, which blew
out the chaff and light seed. The clover heads were first freed from

the straw and were then fed on to the cylinder. This machine when
run by water power cleaned from 2 to 3 bushels of seed per hour. A
full description was published in the American Farmer of 1831.

Other machines were also in use up to 1855, but they did not have
huller and fan combined. In 1855 a combined clover huller was exhib-

ited at the New York State fair in Buffalo. The present combined
clover thrasher, huller, and cleaner is too well known to need any
description. There has been a steady advance toward perfection,

until to-day the clover is put in at one end of the machine and clean

seed runs out at the other. There are several makes differing more
in detail than in principle, and all aiming at the same result—to clean

the most seed in the shortest time and at the least expense.

The mills in use during the twenties hulled from 10 to 12 bushels

a day under the most favorable conditions, and the seed had to be
recleaned before marketing. To-day a good machine will clean as

many bushels in an hour.

There has been even a greater change in the methods of cleaning

Kentucky blue-grass seed than in the case of clover. In 1814 John
Nicolson, in the Farmers' Assistant, said of this grass: "It yields

plenty of seed, but this is difficult to sow on account of their filaments

causing them to adhere to each other. To remedy this, it is recom-

mended to put them in newly slacked lime, to separate them, and then

to be rubbed in dry sand." In antebellum days slaves were employed
to rub the grass between their hands, which were protected with old

boot legs, and as late as twenty-five years ago the seed was rubbed

by hand through wire cloth. It was possible by this means for one

man to clean from 15 to 20 bushels per day. Now, with the improved

patented machinery, one man can clean 100 bushels a day, and the

machinery when run by a 60-horse power engine has a capacity of 600

bushels per day.

THE PROGRESS IN VARIETIES.

Vegetable seed*.

Anyone studying the modern seed catalogue with its bewildering

number of varieties may almost wish for the simplicity of the early

days of this century, when a dozen varieties of any one kind was a long

list. Davidson in 1768 offered 57 varieties of vegetable and herb

seeds. Thorburn in 1805 had a list of 70 varieties, all vegetable seeds,

and among these were neither squash, tomatoes, nor sweel corn. As
the years went by the number of varieties increased, at first slowly,

since only those markedly distinct were noted, but with the great
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development of the seed trade after 1860 the number of varieties cata-

logued increased with almost incredible rapidity. Every year wit-

nesses the advent of novelties, real and imaginary, many of them
withoui permanent value, but a few are genuine additions to our hor-

ticulture. Professor Bailey said in 1892:

This increase is in part simply an accumulation of the varieties of many years,

so that our manuals are apt to contain descriptions of more varieties than are

actually cultivated at the time. But much of this increase is a natural multiplica-

tion of varieties, that is, there are more varieties of nearly all plants in cultivation

now than at any previous time. M'iMahon mentioned 6 beets as grown at his time;

in 1889 there were 4 3 kinds. Then there were 11 cabbages, now there are over

100. Then there were 10 lettuces against about 120 now. '

It may be added that last year more than 300 varieties of lettuce

were catalogued, of which 292 were grown on the trial grounds of the

Department of Agriculture and S3 of them were considered distinct.

Twenty years ago the large and small lima beans were the only rep-

ntatives of thai class; to-day there are several better pole limas,

besides the whole race of dwarf limas that were entirely unknown to

our grandmothers. These acquisitions to the vegetable garden all

arose as chance sports, and some of them were cultivated for several

years before they were given to the trade. The story of the produc-

tion of these purely American types is thus told by Professor Bailey:

They appeared in the same way that nearly all new varieties of plants origi-

nate; they were found growing amongst plants of common and well-known varie-

ties. A single plant, a ••sport," was first observed in some cases and in others

several original plants were discovered. The Kumerle, or Thorburn, Dwarf Lima
originated from occasional dwarf "forms of the Challenger Pole Lima, which
J. W. Kumerle, of Newark, N. J., found growing in his field. The Henderson,

as we have seen, was a chance dwarf picked up in Virginia. The Burpee came
from a 3ingle plant of the largo white lima. Mr. Palmer, with whom it originated,

had his entire crop of limas destroyed by cutworms in 1883. He went over his

field to remove the poles before fitting the land for other uses, but he found one

little plant, about 1U inches high, which had been cut off an inch above the ground,

but which had rerooted. It bore three pods, each containing one seed. These
three seeds were planted in 1884. aiid two of the plants were dwarf, like the parent.

By discarding all plants which had a tendency to climb in succeeding crops the

Burpee Bush Lima, as we now have it, was developed. -

Besides the above, Wood's Prolific Bush Lima and Burpee's bush
form of the willow-leaved lima have been more recently introduced.

Of bush beans, there were half a score in 1834 and about the same
number in 18G0. There are now 370 varieties catalogued, only a few
of which were known thirty years ago, and of these probably one-

fourth are distinct. The best varieties of cauliflower grown in the

United States to-day have been introduced by American seedsmen.

Sweet corn was not catalogued in the early days of the century, and

1 Bailey, L. H.: Survival of the Unlike, p. 208.

-Bailey, L. H.: The Dwarf Lima Bean, in Bulletin No. 87, Cornell experiment

station, p. 86.
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there were only 4 varieties in 1869; now there are more than four times

as many. Twenty years ago there were no distinctively forcing varie-

ties of lettuce in general use, while to-day we have several that can

not be fairly tested out of doors. Out of the 40 varieties of peas

known in 1879, only were of American origin. The next year the

American Wonder appeared, and since then American seedsmen have

introduced many of the best varieties. Our valuable squashes are

all of American origin, and of the long list of large tomatoes there

is not one that was known thirty years ago.

It is interesting to note the history of the tomato, its gradual rise in

popularity, and the rapidity with which new varieties appeared when
once its position was assured. Originally an American contribution

to horticulture, it was first used as food by the Latin races of Europe.

Philip Miller in his Gardener's Dictionary, 1731, says: "The Ital-

ians and Spaniards eat these Apples (Love Apples) as we do Cucum-
bers—with Pepper, Oil, and Salt—and Some eat them stewed in Sauces,

etc., but, considering their great moisture and Coldness, the Nourish-

ment they afford must be bad." In New Orleans they were used in

catsup as early as 1779, but in the English colonies tomatoes were

planted only as ornaments, under the name of '

' Love apples. " In 1836,

however, they had begun to be popular as food. Thomas Bridgman, in

the Kitchen Gardener's Instructor, tells us that at this time the tomato

was used in sauces, as dessert, as a substitute for peaches, and that it

also made excellent pies and tarts. There were only two varieties,

however, the large red and the cherry. Their use gradually increased,

and in 1811 they had "become almost an indispensable dish through

the summer months on every table." In 1847 there were six or seven

varieties, but there was not much difference among them. By 1860

hundreds of acres were planted with this fruit in the vicinity of Phila-

delphia alone, and some efforts had been made to secure improved

sorts, a smooth kind being especially desired. Shortly before 1860 a

large, smooth red variety became popular. At this time there were,

besides the yellow and the cherry kinds, but four varieties, and only

two of these were widely known.

In 1865 the tomato Avas a universal favorite. It had become a com-

mercial staple, and 1,000 acres are said to have been devoted to its cul-

tivation in the neighborhood of Philadelphia. During that year the

Tilden appeared, and at once took first rank. In the next five years

the Maupay, Foard, Eureka, Cook's Favorite, Boston Market, Dixey,

Crimson Cluster, and General Grant were introduced, the General

Grant being the best of the number and a really good tomato. In

these five years more varieties were brought forward than had been

known during the preceding fifty. The canning industry consumed

thousands of bushels, and the interest in the tomato was widespread.

For many years lovers of the tomato had been selecting seed in order

to improve the existing sorts, and the new varieties were the outcome
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of this work. The best of these varieties was the Trophy, introduced

in 1870 by George Waring, farmer and sanitary engineer. " The time

was ripe for a tomato of a new type, one which should be large and
early, and, above all, with a regular, apple-like form, or 'smooth.'

The Trophy came at the right- time, and it was the right thing. Its

success was unbounded. It was almost the making of modern tomato

culture. It marks an epoch in tomato growing in this country which

has yet scarcely been reached in any other country/' 1 The Trophy
was the result of twenty-three years' careful selection, and was a great

success. In spite of the high price (So for twenty seeds) it was soon

widely distributed, and if sometimes it received a word of condemna-
tion, its increase in popularity was a guaranty of its value. New
varieties, some of them selections from the Trophj", now appeared in

rapid succession, and were eagerly taken up, introduced, and adver-

tised by the seedsmen. From ij varieties in 1860 the number increased

to 30 in 1880, ami in 1899 American seedsmen catalogued 242 varieties

of tomato. Of these, possibly 50 may be distinct and better than the

Trophy.

Flowers.

The development in the varieties of flowers grown from seed, if not

so conspicuous, has been not less remarkable. Indeed, it may be said

that in the entire history of the seed trade there has been nothing to

equal the phenomenal improvement in the sweet pea. The old Painted

Lady was a favorite in our grandmothers' gardens, and until the begin-

ning of the eighties was easily first among the half dozen known
varieties. In 1882 one of the first retail seed firms to take up the

sweet pea catalogued eight varieties; last year its list numbered
258. Although the modern sweet pea owes more to Mr. Eckford, of

England, than to anyone else, there is probably no country where it

has attained greater popularity than in America. American seeds-

men have also introduced many valuable varieties, beginning in 18'Jl

with the introduction of the Blanche Ferry, a descendant of the

Painted Lady. The Blanche Ferry was found in a garden in northern

New York, where it made a rapid growth, took on a dwarf habit and

"became a 'cropper,' that is, all the flowers, which in other climates

would have a much longer period in which to develop, here appeared

nearly all at the same time if not cut." 2 Since then 35 varieties,

mostly of the grandiflora class, have been introduced by our seeds-

men. Two distinct types—the dwarf, or Cupid, and the Bush sweet

pea—have also been developed on American soil.

The White Cupid was first discovered as a chance sport on the seed

farms of C. C. Morse & Co., in California, in 1894. Since then they

"have developed nearly 100 different tints and colors" in Cupids

! Bailey, L. H.: Survival of the Unlike, p. 480.

-Allen, C. L.: American Agriculturist, September 7, 1895.
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alone. Most of these have not yet been introduced, but every year
adds to the number of established varieties. Burpee's Bush sweet
pea, also a chance seedling, was first introduced in a limited way in

1899, and already a new variety, the New Monarch Bush, has appeared
in the list for 1900. There has been a great improvement in the varie-

ties of flowers all along the line, and although most of the new A^arie-

Fig. 25.—Sweet peas, old and new: a, from Vick's Magazine, 18*3: b, the Am-ora sweet pea.

ties are of European origin, we owe not a few of them to our own
growers. (For old and new sweet peas, see fig. 25.)

Mr. Darlington writes of the asters as follows:

Asters, twenty years ago, were nearly all of a similar type of flowers, and the

range of coloring was much less varied than at present. Now we have the beauti-

ful flowers of the late branching varieties, which rival the chrysanthemums as a
fine florist's flower. This year a strain of tall branching comets is introduced,

which will be of great value as cut flowers during the early fall, combining size

and graceful feathery form with stems of good length. In the late branching
varieties we have a distinct type of purely American origin; these now exist in

pure white, lavender, flesh pink, and deep pink, with ample promise of other

shades to come.

'

SEED TESTING.

Since the days of tradition there have been various and sundry ways
of finding out the quality of seeds. They have been floated or have

'Darlington, E.: Growth and Development of the Business in Flower Seeds

During the Past Twenty Years, in Seventeenth Annual Report American Seed
Trade Association, 1S99, p. 49.
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been heated until they popped; they have been broken and the frac-

ture noted; they have been cut and judged by the appearance of the

inside. Besides these superficial and inaccurate methods, germination
tests have been resorted to more or less commonly for over a hundred
years.

Our own agricultural literature is full of advice about this matter,

and the older seedsmen not only urged customers to test their seeds,

bui set them the example by sprouting a few in pots of soil which
they kept in their seed stores. Unfortunately, this good advice was
not generally followed; seeds were planted, and if disappointment

came the seedsman was blamed, often unjustly. In 1827 Grant Thor-

burn wrote, " besides good seeds, good gardeners are necessary in m
in.ur a garden flourish." While many of the failures with seeds have

: caused by improper planting, due either to ignorance or careless-

ness, farmers and gardeners have often been deceived by unscrupu-

lous dealers. They have boughl seeds in good faith and have found

them worthless; they have thought they were sowing clover, but have
reaped thistles.

SEED TESTING WORK IN EUROPE.

Fortunately for American agriculture, the poor-seed evil never

attained the proportions here that it did in Europe. There matters

nne so bad that factories were openly established to crush and

color quartz to mix with clover. In England a large capital was

invested in the business of killing weed seeds to adulterate valuable

kinds, but the practice was finally prohibited by Parliament. In 18G9

Dr. F. Nobbe began testing seeds at his laboratory in Tharand, Sax-

ony; this was the beginning of the extensive seed-control work in

European countries. Naturally, Dr. Nobbe met with much opposition

at first from both dealers and consumers, but he made out his case so

clearly that the German farmers were convinced of the value of s

testing. To-day there are many stations in Europe, and some of them
have control contracts with the leading seed merchants. The work is

appreciated, and the workers take an honored place among the prac-

tical and scientific men of the day.

SEED TESTING IX THE EXITED STATES.

In the United States reputable seedsmen have tested their seeds for

germination, probably since the first seed firm was started. The State

experiment stations have for a long time done something in practical

seed testing. In Connecticut Prof. E. II. Jenkins began testing seeds

in 1877, and this station lias done some of the best work in this coun-

try. In the same year Dr. Beat, of Michigan, tested some seeds, and

two years later Professor Ledoux began seed testing at the Xorth

Carolina, station. At the Geneva station Professor Goff first used

what is now known as the "Geneva tester." Among other stations

that have contributed to the work are Arkansas, Cornell, N. Y.,
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Delaware, Illinois, Indiana, Iowa, Maine, Massachusetts, Minnesota,

North Dakota, New Mexico, Pennsylvania, Rhode Island, South Car-

olina, South Dakota, Vermont, and Wisconsin. In 1893 the Botanist

of the Department of Agriculture recommended that seed testing he
undertaken systematically and scientifically, and in 1894 Gilbert IT.

Hicks was appointed and placed in charge of the laboratory. Mr.

Hicks's untimely death in December, 1898, deprived American seed

testing of one of its ablest and most devoted exponents.

During the last few years there has been an increase of interest in

seed testing; several stations have published the results of tests and
others are preparing to begin this work.

The Association of Agricultural Colleges and Experiment Stations,

at its meeting in Washington City in 1897, appointed a committee

consisting of Professors Jenkins, Card, Lazenby, McCarthy, and Mr.

Hicks to draw up rules and regulations for seed testing. The report

of this committee was adopted, and the stations are now working

under uniform rules, several stations having procured the official

apparatus.

Methods of testing by seedsmen.

Most reputable seedsmen make germination tests, and by some
these tests are conducted with great care. There is no uniform

method of testing, however. In 1887 the American Seed Trade Asso-

ciation appointed a committee to adopt some uniform system, but the

writer has been unable to learn that a report was ever made.

To the seed tester all seeds belong to one of two classes—those of

which the botanical purity can be determined from the seed and
those of whose purity one can judge only by the plants they produce.

Roughly speaking, the first class includes most agricultural seeds,

especially those of grasses and forage plants; while to the second

class belong the garden seeds, more particularly those of vegetables

and flowers, the varieties of which can not be distinguished by the

seed. The seeds of the first class are much more easil}r tested than

those of the second, and their value for seed can be accurately deter-

mined long before planting. Not so with garden seeds. The thing

of most importance with them is that they be true to name and of

good stock. It is, of course, essential that the seeds germinate, but

a gardener would rather have cabbage seed of low vitality and of

good stock than of poor stock and good vitality. In the first case he

may not get more than 25 per cent of plants, but almost every one of

these will make a head, while of the other seed he may get 90 per

cent of plants and but few marketable heads. So important is this

matter of genuineness that most good seedsmen conduct trial grounds

where the different stocks are grown and observed.

The trial ground is the seedsman's testing station, and its importance

can not be overestimated. Here he plants not only samples from his
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Fig. 1.— Portion of the Trial Grounds of Fordhook Farm, Philadelphia, Pa.

Fig. 2.—Part of the Aster Trials on Fordhook Farm, Philadelphia, Pa.





Yearbook U. S. Dept. of Agriculture, 1899 Plate L.

Fig. 1 .—Portion of Trial Grounds of the Department of Agriculture, Showing
Lettuce Trials in Foreground.

Fig. 2.—Portion of the Pea Trials on the Grounds of the Department
of Agriculture.
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own stocks, but also from those of his competitors. As the season

advances he reads the field like an open book. He may be surprised

to find that one stock has proved untrue and must be discarded next

year. Of course, the knowledge comes too late to prevent trouble that

year, but the same mistake can be avoided in the future. Without
the trial grounds a seedsman might sell poor stocks for several years

without learning, except from the complaints of his customers, that

they were unfit to nse.

The tests on a well-regulated trial ground an- made in good but not

highly enriched loam. The seeds are planted in rows from 5 to GO

feet long, according to the kind and variety, and a white label bearing

a number is placed at the head of the row. This number refers to a

record book in which is kept a careful entry of everything relating to

that seed, where and by whom grown, in what year, the date planted,

when the sprouts first appeared, and the vigor of germination. As
the plants grow they are carefully observed, notesbeing made of growth
ami character. These notes are continued throughout the season,

and from this record the experts decide on the value of the stock.

A vast amount of detail work is necessary in caring for these trial

grounds, but they are essential to a thorough knowledge of varieties.

PI. XL1X shows portions of the trial grounds on Fordhook farms

near Philadelphia, Pa.

So far as the writer knows, but one commercial seed-testing labora-

tory exists in the United States. This was established by Mr. Frank
Sempers at Blythedale, Md., in 1897, and is known as the Blythedale

Seed Laboratory. The work is confined to germination tests, and the

laboratory represents the trade only. The number of tests made has

increased rapidly since its establishment, and at present it has a

capacity of 36,000 continuous teats.

I f>*tiittj by tlir Department of Agriculture.

The Department of Agriculture has conducted a small trial ground
for the last three years in connection with the seed laboratory. Here
studies of varieties are made, all the obtainable varieties of one kind
being grown for one or more seasons and careful notes and photo-

graphs taken. When completed these records make up accurate

descriptions of all the standard sorts, with the synonomy. Experi-

ments in growing special crops are carried on, and many new or little-

known economic plants are cultivated. Undetermined weed seeds

found in imported grasses and forage plants are also planted and the

plants grown to maturity. Many of these prove to be weeds unknown
in the United States, and the Department can thus to some extent

keep informed of the character of the weeds now being introduced
into this country. Samples are also planted of all seeds sent out for

Congressional distribution. Portions of the trial grounds of the

Department of Agriculture at Kensington, Md., are shown in PI. L.
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For the testing of grass, clover, and other forage-plant seeds the

trial grounds are not as much used as the laboratory and greenhouse.

In both of these respects the Department of Agriculture is "well pro-

vided. The laboratory is equipped with balances, lenses, reading

glasses, a seed collection, and all the other apparatus necessary for

making purity tests. There are also germinating chambers, with all

the necessary accessories, and abundant greenhouse facilities.

The method of making tests is essentially similar to that in use in

all seed-testing stations. When a purity test is to be made, the sam-

ple is first poured into a bowl and thoroughly mixed. A small sample,

varying in weight from 1 to 25 grams, according to the size of the seed,

is then weighed and spread upon a sheet of white paper. Here it is

examined with a hand glass, if necessary, and all foreign matter

removed. The inert matter, as sticks, stones, dirt, broken seeds, and

chaff, is placed on one side and weighed; also, all seeds not of the

kind under examination are removed and weighed. The percentage

f each kind of impurity is then determined and recorded. The weed

seeds are identified, and their names are recorded with the number
found in the weighed sample.

Sieves, mirror boxes, and other special pieces of apparatus are con-

stantly used in the course of the test, which is completed as expedi-

tiously as is consistent with absolute accuracy. The germination tests

are made either in the chamber or greenhouse, or both, as is best

suited to the particular variety. The chambers used are of the kind

approved by the Association of Agricultural Colleges and Experiment

Stations. Blue blotters and canton-flannel folds are used to hold the

seeds, and the moisture and temperature are regulated according to

the needs of the variety. Many grass seeds are tested in sand in the

greenhouse, experience showing that such a test is most reliable.

Special methods have also been found advantageous for some seeds.

These methods have already been described in the publications of the

Department, and need not be dwelt upon here. Nor is testing the only

work undertaken by the laboratory. Studies are being constantly

made with a view to devising better apparatus, such as will aid in

facilitating tests, and experiments are conducted in order to clear up
difficult points in the germination or preservation of seeds.

INDICATIONS OF GROWING INTEREST IN SEED TESTING.

Seed testing is still but little developed in America, and there is a

wide field for faithful and persistent effort. To a certain extent, the

work is hampered by the apathy of the buyers—more by this than by
the hostility of the sellers of seeds; but there are indications of a

growing interest in better seeds and a clearer understanding of the

value of having seeds tested before planting. This interest and this

understanding it is the duty of the station to foster and increase,

and its work will grow with the growth of a sentimenl in favor of high

grade, guaranteed, and tested seeds.



PROGRESS OF COMMERCIAL GROWING OF PLANTS
UNDER GLASS.

By B. T. Galloway,

Chief of Division of Vegetable Physiology and Pathology.

EARLY HISTORY.

The special branch of horticulture which has for its object the pro-

duction of plants under more or less artificial conditions of light, heat,

and moisture has come to be generally known as the growing of plants

under glass. In this country the business includes all plants grown
in specially constructed glasshouses and in hotbeds and cold frames.

The growing of plants under bell jars, as practiced in Europe, is not

followed here.

Probably nowhere in the world has the growing of plants in green-

houses attained such importance as in the United States. Other

countries may have more imposing structures and larger individual

areas of glass, but, taking the business as a whole, it maybe fairly

claimed that in up-to-date methods in almost everything pertaining

to this special field of horticulture this country leads.

It is difficult to say when and where the practice of forcing plants

originated, but it is certain that the Romans were able to supply the

tables of the wealthy with choice vegetables at almost any time of the

year. The gardeners of the Roman Emperor Tiberius were familiar

with this kind of work, and forced cucumbers and other vegetables

during the winter and early spring months. The crops were forced

in pits heated with manure and protected from cold by thin sheets of

mica and in various other ways. The manure was put into the pits

very much as is done in making hotbeds at the present time. Baskets

containing fermenting manure were also used in which to force plants.

These baskets were moved about to meet the requirements of the

weather, and by being properly protected during cold days and at

night vegetables were brought to perfection in them. It is even

claimed that hot water was used by the Romans for the purpose of

heating the pits, and from what we know of practices followed by
them this does not seem unlikely.

With the decline of the Roman Empire and the gradual dissipation

of wealth and culture which followed, the higher branches of horti-

culture were neglected and soon passed out of memory. From this

period down to the sixteenth century there are few records which
indicate any advanced ideas on the subject. The work that was

575
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undertaken was confined for the most part to the gardens of rulers

and others who had means to carry out elaborate plans in landscape

gardening. It is doubtful, however, if anything of consequence was
done at this time in the way of forcing plants, as such a practice

would require a knowledge which the gardeners of the time did not

possess.

Passing over this long rjeriod and coming down to modern times,

we find that even at the beginning of the present century but little

was being done in this country in the special field of horticulture

treated of in this paper. It must be remembered, however, that in the

year 1800 the United States was young and every available man was

needed in the work of conquering the wilderness and overcoming the

great natural obstacles that are always found in a new country.

A study of history shows that countries, like individuals, are busied

J- S ~v'. '.
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Fiu. 85.—First greenhouse in America, constructed in 1761 (American Florist).

first with a mere struggle for existence, and that so long as it is nec-

essary to put forth every effort to live little attention is given to lux-

uries like flowTers. Here and there men are led aside by pure love for

this kind of work, but they resemble the pioneers in literature and
art, in whom sheer devotion overcomes all obstacles.

With the exception of some establishments of a semiprivate nature,

there was little, so far as can be determined from the records, in the

way of commercial plant growing under glass up to 1810. Green-

houses were scarce, and those in existence were not designed for

much in the way of commercial work. The greenhouse generally

believed to be the first erected in America (fig. 26) was built in Xew
York in the year 17G4. During the succeeding twenty-five or thirty

years comparatively little was done in greenhouse construction. The
house referred to was for many years a landmark, but Mas finally torn

down to give place to advancing business. It is interesting to notice
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Fig. 27. Plan of early form of greenhouse, 1836 (Hovey'a
. sine).

the construction of this greenhouse, as showing from what a small

beginning the immense business of the present time sprang.

The early structures were crude affairs (fig. -7) when looked at

from the present view point. The roofs were for the most part of

wood, glass being used only for the sides and ends. In one of the

books' on gardening of that period the greenhouse was described as

being built preferably 16 feet wide and of any length desired. The
front, it was said, should be of sash 12 to 15 feet high, and should be

provided with outside

wooden shutters s i as

to protect the glass in

extreme cold weather.

The roof, the book goes

on to state, should be

of shingles, and the

back wall of brick. 6 to

9 feet high, with flues

through it, and there

should l)e a sheil toshel-

ter this wall and a fur-

nace under the shed

connecting with the

flues in the wall for the purpose of heating the house in cold weather.

In many instances these hous"s were constructed in such a way that

tic gardener lived in il><> second story, the lower part being given up

to the growing of plant-.

BEGINNING OF AN ERA OF PROGRESS.

It was not until about 1S25 that real progress in growing plants

under glass began. The reason for this may be assigned to a number
of causes. The country had been through several wars and had now
settled down to growth and prosperity. The Eastern States were

rapidly increasing in population and wealth, this being especially the

case in the vicinity of the cities of Boston, New York, and Philadel-

phia. It was natural, therefore, that with the accumulation of wealth

in such places and the relaxing of the strain necessary in the struggle

for existence, money should be turned into other channels than those

of necessity.

In these early days Philadelphia took the lead as a market for plants,

flowers, and vegetables. The wealth and culture of the times were

centered here, and besides much had been accomplished in the way
of creating a taste for such things by the active work of a few indi-

viduals in whom there was an inherent love for all that is beautiful

in the plant world. It was to Philadelphia, therefore, that gardeners

from the Old AYorld were attracted, and it was not long before several

societies were organized that had a marked influence in developing

an interest in the business. Philadelphia, furthermore, possessed

1 A 99 37
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advantages in other ways over her more northern sister cities. The
mild winters there made it possible to carry on many lines of work with

greater ease than in New York or Boston. The latter city, however,

was not content to remain long in the second place in such work, and
f<rr a time in these early days her gardens and greenhouses were sec-

ond to none in the country. New York was behind in this respect,

for the time of her people at this period was so fully occupied with com-
mercial interests that little attention could be given to anytiling else.

Baltimore, "Washington, Charleston, and other cities soon became cen-

ters of wealth and culture, and thus the demand for both plants and
flowers rapidly increased. Horticultural societies were formed in all

the cities named and did a great deal toward awakening an interest

in their fields of labor. The work at this time, however, was of the

most general nature. In fact, ail commercial establishments were

compelled to grow trees, shrubs, and many oilier things which would

now be looked upon as foreign to a gardener's establishment.

With the increasing demand for plants, flowers, and vegetables at

this time (1830) came the necessity for better methods of growing

them; hence, there was a marked improvement in greenhouse con-

struction, especially in heating. The method of heating by means of

hot-air Hues, then generally prevalent, practically confined the work
within certain bounds, but with the advent of hot-water heating the

possibilities of the gardener were greatly increased, as he was thereby

enabled to keep his plants in better health and could therefore greatly

increase their productiveness. He was furthermore enabled to heat

his house with far less attention to this particular item than ever

before, and this left him freer to pay more attention to other phases

of the work.

Although water had been used in heating buildings for many years

prior to this time, its application to greenhouses was limited. The
systems first in use here were borrowed mainly from England, and
were expensive, owing to the fact that both the boilers and the pipes

were made of copper. Americans, however, soon commenced to

improve the systems and to put forth efforts which would bring them
into greater harmony with the conditions existing in this country.

One of the pioneers in this work was Mr. Thomas Hogg,- of New York,

who devised a system which represents the important principles in

use to-day (fig. 28). Mr. Hogg made the heater in such a way that

the fire was completely surrounded by water, the latter circulating

through the boiler and thence through cast-iron pipes to an expansion

tank, and thence back to the boiler. The part of the boiler contain-

ing the water was a wooden vessel, and inside of this was placed an

iron shell containing a grate, in which the fire was made. Fuel was
added through a hole in the top of this iron shell, the shell projecting

e the water in the vessel. Soon other heaters, made on the same
plan, but more perfect, were devised, most of them consisting of tin
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or copper boilers made in the shape of a double cone. The inside

cone was used as a furnace, while the space between the cones was

filled with water. Openings for outflow and inflow were arranged at

the top and bottom, in much the same way as is done at the present

time in some of the conical boilers.

The introduction of hot water marked an epoch in greenhouse work,

and for the next ten or fifteen years progress was rapid. In 1835 there

were extensive greenhouses in the vicinity of Xew York, Boston,

Philadelphia, and oilier cities, the houses of one establishment on

Long Island aggregating over 400 feet in length. According to one

of the prominent writers of the period, there were similar establish-

ments which devoted much of their space to the growing of flowers for

winter bouquets, camellias, roses, peonies, etc., being generally used

for this purpose. Considerable attention was also given to the forc-

tbles in hotbeds, especially lettuce. In this period the

latter crop was quoted during midwinter at from 6 to 10 cents per

head, practically the same price as is received for it at the present

tables were grown exclusively in hotbeds at that time,

lettuce, radi ihes, and cucumbers being the principal cro]

Pig. 28 -Hogg's hot-water heating apparatus, 1S32 (Hogg's Magazine).

It is unneces ary to dwell at length on the changes wrought during

the period between 1840 and 1850. Suffice it to say that with the rapid

growth of the country the industry developed in a most remarkable

way. Many improvements were introduced into greenhouse construc-

tion, and these, with the introduction of new plants and the improve-

ment of others by selection and breeding, broadened the scope of the

v, ork. It was at this time that roses began to attract general atten-

tion, and a great deal of space was devoted to their culture, i

cially to the hybrid perpetuals and teas. Important advances were
made in the introduction of fuchsias, gladioluses, and many o

plants of this kind. Japan lilies also began to attract attention, and
as soon as it was found that they were in a measure hardy the demand
for them rapidly increased.

An important change in the construction of greenhouses was
abolishment of the sash roof and the substitution of the fixed roof.

The great majority of greenhouses Avere of sash, and a fixed roof

offered opportunities for diminishing the cost of construction ;

making marked improvements in ventilation and light, as well as in

other particulars. Bedding the glass in putty instead of placing the
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putty on the outside was another innovation introduced quite gener-
ally about this time. This simple change added years to the fife of
the house and made it much better for the work in every way.

It is difficult to say when and where these improved methods of
construction were first introduced. Fixed roofs were used in England
as early as 1818, and there are descriptions of curvilinear grape houses
erected on this plan during the same year. The method of bedding
glass in putty was certainly in use in England as early as 1838, for it
was thus described in 1843 : "A good bed of prepared putty is laid on
the rabbet and the glass is placed upon it, * * * after which a
little white paint is run, with a small brush, almost a quarter of an
inch wide, down each side of the square of glass." 1 The same writer
says that he constructed a house on this plan in 1838. The method
is described in this country in the Magazine of Horticulture for 1845
The gardener who erected the houses for the English writer says, in
describing them, that the glass was not only bedded in putty, but was
butted, the edges being dipped in copal varnish to prevent leaks
between the panes.

Kn

m

ft

Fig. 29.—Conservatory made of sash, style of 1858 (Hovey's Magazine).

Much attention was attracted to these methods of construction by
the animated discussion in various magazines as to whether they were
of American or English origin. The editor of the Magazine of Horti-
culture, Mr. C. M. Ilovey, stated that he had been using the system
for twelve years prior to 1850, but it is evident from his writings that
he was not aware of the publications referred to. Unquesl tonably, t he
methods did not originate with any one man or set of men, but were
the direct outcome of the progress of the times. Largely through the
efforts of Mr. Ilovey and Mr. William Saunders, however, they were
brought into prominence and soon came to be generally adopted
(See fig. 29.)

1 Gardeners' Chronicle, 1813, Vol. I, p. 53.
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At this time there seems to have been a marked sentiment toward

the purely architectural in greenhouse construction, and it is there-

fore not .surprising to find some houses in which utility was sacrificed

to architectural effect. Such things, however, were more common
among private individuals than in the ease of commercial growers.

By L860 commercial floriculture and the forcing of vegetables had

assumed important proportions, the latter as yet being confined almost

entirely to hotbeds. The breaking out of the civil war checked the

work, however, and but little progress was made for the next six or

eight years.

AN ERA OF PLANT GROWING.

When business had assumed something of its normal condition after

the close of the civil war there was a marked interest in plants both

for Wedding and decorative purposes. Many establishments were

*--£; 2f

'.—Basket oi; flowers in fashion in 1-
I Henderson's Practical Floriculture).

therefore started for the purpose of growing such plants, and there

was a revival of interest all along the line. It was at about this

period (1865-1868), furthermore, that vegetable growing under glass

began to attract more widespread attention. Boston had long been

the center of this important industry, but, as already pointed out, it

was confined almost entirely to hotbeds and frames. Recognizing the

inadequacy of their methods, however, a few of the more progressive

growers in the vicinity of Boston took the sashes used for hotbeds and
made houses of them.

It had long been the belief among gardeners that to properly grow
lettuce it must be near the glass; hence, the first houses built for this

crop were low, flat affairs, with barely sufficient head room to permit

a man to walk erect. Another crop which had long been grown in

frames was violets, the belief being that they had to be near the glass.

The rigor of the climate made this method impracticable in many
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sections, and pits or low-roofed houses made of sasli came into use

about the year 18G4 or 18G5.

The demand for plants in preference to flowers was not lasting;

hence, we find many changes, made necessary by the advances of the

times. Retail dealers were becoming more numerous, but at this time

no one dreamed of the remarkable influence they were to have on the

future of the industry. The taste of the time in the matter of flowers

ran mostly to bouquets and set pieces of the most formal types (figs. 30

and 31). A collection of the various styles of bouquets in use in 18G8

to 1870 if exhibited to-day would probably attract more attention on
account of their oddity of form and formal construction than any of

the artistic decorations now seen in our florists
1 show windows. There

was a mathematical exactness about the arrangement of each row of

flowers which is seen nowhere at the present time in horticultural

„ „ work, excerjt possibly in the ribbon
^rr£ :^- beds where foliage plants are grown.

-_Jf-y i^Vj Camellias were the principal flow-

^0- -i^iggk^ ers used, and what with wiring,

toothpicking, and trussing up gen-

erally the making of bouquets was
t / a very formal business. Notwith-

standing this fad, which of necessity

had to be catered to by the trade,

there were true artists who under-

fcshion in 1867
stood and appreciated the beauty of

(Henderson's Practical Floriculture). the flowers themselves and the pos-

sibilities in arranging them more in harmony with nature's teach-

ings. The true lovers of flowers have always been the ones to improve

the public taste in the matter of arrangement, and we now find every-

where that those who succeed best in the business are people of this

kind.

It was at this time (18GG) that the first important book on floricul-

ture 1 appeared, and being thoroughly practical, it awakened wide-

spread interest in the growing of plants under glass.

AWAKENING DEMAND FOR CUT FLOWERS AND WINTER VEGETABLES.

Y>y 1870 there were several thousand commercial establishments in

the United States devoting their entire attention to the growth of

plants for decorative purposes, for bedding, and for flowers, and to the

growth of vegetables for winter use. The growing of vegetables was

as yet a comparatively small industry, embracing probably less than

one-tenth of the amount of glass devoted to plants and flowers. The
increased demand for flowers was marked at this time. Camellias,

tuberoses, and such flowers had seen their day, and roses, carnations,

violets, and chrysanthemums were superseding them. The rose,

'Peter Henderson: Practical Floriculture.
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however, was the principal flower, and much attention was given to

improved forms and the methods of growing them.

With the ever-increasing demand for better stock, more improved

methods of constructing houses naturally followed. The cumbersome
structures of heavy timber and small glass gave way to houses better

lighted, better heated, and better constructed in every way. Steam,

which had its advocates years before, began to attract widespread

attention in heating commercial establishments, and it was not long

before il commenced to take the place of hot water in many sections.

With the great increase in the demand for cut flowers, growers who
had been devoting their glass to miscellaneous stock made haste

to transform their establishments into veritable factories for turning

out roses and other flowers. The keenness of competition in this kind

of work quickly led to the necessity of concentrating energy upon a

ps, and thus was evolved the specialist.

AN BRA OF SPECIALIZATION.

Specialization assumed considerable importance as early as 1875,

and from that date to the present time its development has been phe-

nomenal. The change from the old methods was, of course, gradual,

as has been shown, and can be brought out sharply only by a com-
parison of the work in different epochs. koses were Still the leading

crop, but carnations, violets, and chrysanthemums were coming into

prominent notice. The varieties of roses were constantly changing,

the popular demand for any one lasting scarcely more than a few sea-

sous, and the Dumber of varieties grown commercially was greater

than at present. With the demand for long stems and the necessity

of being able to control growth at all times came the evolution of the

nt methods of growing roses on shallow benches.

Between 1S75 and 1880 Southern-grown vegetables began to have a

marked effect on Northern markets. In order to compete with the

Southern growers better facilities in the way of forcing houses were
necessary; hence, wide and high steam-heated houses came into use.

Most of these houses were erected in the vicinity of Boston, and were
at firsl of the lean-to type. The}- were from 20 to 25 feet wide and 10

to 12 feet high at the back, with the slope to the south side, where
there was a 5-foot wall, the upper halt* of which was of ventilating

sash. Many houses of this type were erected around Boston and
Providence and some were put up near New York.

Owing to the increased demand for greenhouses and the fact that

it was no longer possible for ordinary carpenters and builders to keep

pace with the times, companies were organized which devoted special

attention to greenhouse construction, some of them having been

engaged in the manufacture of boilers and other apparatus used in

connection with greenhouse work. Competition in such lines was
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developed early, and in all cases this had a tendency to greatly advance
the work.

What proved to be a marked impetus to horticultural work was the

organization at this time of the Society of American Florists, which
held its first meeting in 1885. In looking back over the history of plant

growing under glass it is not difficult to trace the marked influence of

well-organized societies in advancing the interests of those engaged
in any line of work. In the earlier days, as already pointed out, it

was the societies near Philadelphia that gave that city preeminence

in horticultural lines, and it is surprising that there should have been

at that period, and even now, such apathy on the part of many florists

toward society work. Association is essential to the advancement of

business, and every effort put forth toward increasing membership
and keeping the members interested is so much toward increasing

trade and advancing business generally.

At the first meeting of the Society of American Florists the presi-

dent, Mr. John Thorpe, gave some authentic facts, of a statistical

nature, relating to the work of growing plants under glass. He
states that the actual number of flowers produced at this time (1885)

was almost incredible. To his personal knowledge nine growers of

roses sent to New York 4,000,000 flowers, and yet this was not 50 per

cent of the roses sent to that market alone. He estimates that the

aggregate number of roses grown around Boston, Philadelphia,

Cleveland, Chicago, Washington, and in all other places could not

have been less than 21,000,000. The number of carnations grown
was at least five times greater, or about 120,000,000. He estimated,

furthermore, that at least one-fourth as many roses and carnations

were grown by private establishments and represented as much value

as if they were thrown on the market. The amount of space occupied

by flowering plants and bulbs in the open air was estimated to aggre-

gate at least 12,000 acres, in addition to several thousand acres used

for seeds.

In 1885 the American Florist, a journal devoted to floriculture,

appeared, and shortly after the Florists' Exchange, a trade paper.

In 1888 another innovation in greenhouse construction was inaugu-

rated, that is, the use of iron framework. This is the latest and
unquestionably the best form of construction, and it came rapidly

into use. Although the first cost of construction is higher for an

iron house, its durability is so much greater that it is the cheapest in

the end.

According to Mr. W. A. Burnham, an experienced, greenhouse con-

structor, the first iron greenhouse was erected in 1881, but such houses

did not begin to attract general attention on the part of commercial

growers until 1888, as already stated. Rapid improvements had also

been made as regards the glass used, the small sizes having been

abandoned and glass 10 by 24 inches and even 1G by 30 inches being
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Fig. 1 .—Modern Rose House.

Fig. 2.—Retail Flower Store.
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Fig. 1.—Tomato House.

Fig. 2.—Lettuce House.
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Fig. 1.—Carnation House (Interior View).

Fig. 2.—Carnation Houses i Exterior View and Carnations in the Field.





COMMERCIAL GROWING OF PLANTS UNDER GLASS. 585

generally adopted. All these improvements tended to the production

of higher grades of plants and flow- rs by increasing the amount of light

and greatly multiplying the possibilities of the grower. (PI. LI, fig. 1.)

The growers of vegetables under glass also found it necessary to

increase the size of their houses, thus relatively cheapening them and
at the same time changing the form to better meet the requirements

jgested by experience. The plain lean-to type was in a measure
abandoned and a modified three-quarter span began to come into

general use. Houses 35 and 40 feet wide were found to have advan-

tages over narrower ones, and in many cases they were made 300 to

feel long. (PI. LII.)

There was a rapid increase in the number of retail florists' estab-

lishments, especially in cities, and many of the retailers had given up
growing flowers, having found it to their advantage to devote their

entire time to the management of retail business. The carnation

was coming into more prominent notice, and it was given a great

impetus in L891 by the formation of the American Carnation Society,

an organization which has done much to cultivate a taste for one of

our most beautiful flowers. (PI. LIII.)

PRESENT sTATTS OF THE INDUSTRY.

The growth of the industry for the past few years has been remark-

able. As a rule, the improvements in methods of producing and
handling the crops have kept pace with the improvement of the crops

themselves Competition is so keen that specialization has been

carried into details which a few years ago were nut thought of. In

the handling of cut flowers and plants retail dealers play an impor-

tant part. .Many of these men, as already pointed out, are not pro-

ducers at all, but depend wholly en producers and wholesale dealers

for their stock. The retail stores in the large cities are models of

artistic elegance (PI. LI, fig. 2) and do much toward developing a

taste for the highest ideals in Agricultural effects; hence, it is not

surprising to find the business as a whole divided into many special

fields. Houses, frames, boilers, and other accessories are now made
by specialists, and cut flowers are grown by specialists and handled

by wholesalers and retailers who are specialists. What is true of cut

flowers is also true, with certain exceptions, of both ornamental and
bedding plants.

A number of special works on floriculture and vegetable culture

have appeared, and a third journal, the Florists
1

Review, is published

to meet the wants of growers, wholesalers, and retailers of flowers and
plants.

It is a difficult matter to reach even approximate conclusions as to

the amount of capital invested in the work, the value of the prod-

ucts, etc. A careful investigation of the question has been made by
means of a special circular of inquiry, and also through representative
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men in various parts of the country. More than 12,000 copies of the

circular referred to were sent out, but for one reason or another the

returns were not very satisfactory. From all the data at hand, how-

ever, we are led to believe that there are now in the United States

not less than 10,000 commercial establishments devoted to growing

plants under glass. Of this number, probably 1,000 are engaged
exclusively, or nearly so, in the forcing of winter vegetables, such as

lettuce, cucumbers, tomatoes, and some minor crops. Within 15

miles of Boston there are probably not less than -10 acres of glass,

or 1,742,400 square feet, devoted to vegetables alone. Two-thirds of

this is in houses, the rest being in hotbeds and frames. Around
Providence, R. I., there are probably not less than 10 acres of glass,

while the amount devoted to vegetable growing about New York,

Chicago, and other cities will bring the total up to 100 acres, or about

4, o()(), ooo square feet. Including all equipments, such as boilers and
other accessories used in connection with the industry, this glass

represents an average value of not less than 50 cents per square foot,

or $2,250,000 in all, and this will bring to the grower 50 cents per

square root annually, or 62,250,000 from the producers' standpoint.

Nine-tenths of the products are sold at retail, either by the grower
himself, or by the retailer, who may not be a grower. The valuation

from this standpoint represents double what it is from the standpoint

of the wholesale!', or $4,500,000 for forced vegetables.

Summarizing the forcing of vegetables under glass in the United

States, therefore, we have the following:

Number of square feet devoted to the industry ... 4, 500, 000

Value of establishments $2, 850, 000

Wholesale value of annual product $3,250,000

Retail value of annual product. _ $ !
, 500, 000

Number of men employed 2, 250

There are probably not less than 9,000 commercial florists' estab-

lishments in the United States. Some of these contain areas of glass

which cover acres, while others contain only a few hundred square

feet. Taking the country as a whole, it is estimated that there is an
average of 2, 500 square feet of glass for each establishment, or 22,500,000

square feet in all. New York has the largest number of establish-

ments, there being not less than 1,100 or 1,200, with glass amounting
to nearly 4,500,000 square feet; Illinois, with 600 to 800 establish-

ments and over 4,250,000 square feet of glass, is second; while Penn-
sylvania, with 800 or 900 establishments and about 4,000,000 sqn

feet of glass, is third. The estimated value of the establishments in

this country, including houses, boilers, and all fixtures, is placed at

50 cents for each square foot of glass, or $11,250,000 in ;d!. The
income to the producer will average 50 cents persquare foot annually,

or 811,250,000, and double that amount when viewed from the stand-

point of th<> retailer. Considering the matter from the retailer's
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standpoint, therefore, the total value of the annual output is

122, . or $1 for each square foot of glass.

It is estimated that the retail value of cut flowers sold annually is

10,000, the estimated apportionment of this sum being-

, for

—

Roses S'j. 000, 000

Carnations 4,000,000

Violets 730,000

Chrysanthemums
M scoilaneous flowers, including lilies, etc " 1,230,000

Estimating the average retail value of roses, carnations, and violets

at I >, !, and $1 per hundred, respectively, the total number of each

sold annually, based on the above values, would be, of

—

Roses 100, 000, 000

Carnations 100. 000, 000

Violets 73,000,000

Total 273.000,000

The retail value of the plants sold is placed at 810,000,000. Taking
tin' plant trade as a whole and the country in the aggregate, the

average-sized pot used is estimated to be 3 inches, and the average

retail price 10 cents per put. This means that there are no less than

'0,000 plants sold every year.

To handle this business in its entirety requires probably an aver-

of not- less than one man lor every 1,500 square feet of glass, or

L5,000 men in all. Fifteen hundred square feet of glass per man
may seem like a low estimate, and such is the fact when considering

commercial establishments of any size. The larger the area of glass,

Other tilings being equal, the more square feet one man can handle.

Asa matter of fact, some of the large rose-growing establishments

do not use more than one man for each 10,000 square feet. Large

carnation establishments will run about the same as roses, while

violets, owing to the great amount of work involved in cleaning the

plants and picking the flowers, average higher. It is the many thou-

sand small establishments that increase the amount of labor required.

CONCLUDING REMARKS.

It is fitting in conclusion to call attention to some of the modern
methods of handling and disposing of the vast amount of material

produced by the establishments in question. Some references have
already been made to this matter, but they are of a general nature

only.

Many of the crops grown pass through several hands before r

ing the consumer. Some of the larger establishments, especially those

devoted to vegetable growing, dispose of their products through spe-

cial agents, who receive a salary for this work, and are expected to

keep in close touch with the markets and look after every detail, so
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as to obtain the highest price for the material handled. That such a

method pays and pays well is evident from the fact that some of

these agents receive salaries exceeding any paid by ordinary business

establishments except in very special lines.

Auction sales are another important innovation which enables the

plant grower to dispose of much of his stock. Within the past few

years these sales have become quite popular, and have done much
toward broadening the opportunities for work, especially in plant

growing.

A vast amount of stock, especially cut flowers, is now handled by
wholesale commission houses, which are to be found in nearly all the

large cities. These houses have every facility for the rapid handling of

flowers, and afford to the growers an opportunity of disposing of stock

which a few years ago was not possible. Some of these wholesale

men are already finding it necessary to specialize, and for this reason

are making reputations for having on hand the best in the market in

the way of roses, Aiolets, or whatever their specialty may be.

In addition to wholesale commission houses, there are in some larger

cities cut-flower exchanges, which handle a great deal of stock. These

exchanges are controlled and managed largely by growers themselves,

and are conducted as nearly as possible on an equitable basis. The
New York Cut Flower Exchange has been in existence for five or

six years, and its success has been quite marked. It has for its

supporters some of the best growers in the Eastern United States, and

the prices received through this cooperative plan are said to be very

satisfactory.

In close touch with the commission houses and exchanges are the

retail stores, which are by far the most important factors in connec-

tion with this business in the matter of handling and disposing of

stock. The amount of flowers and plants handled by these establish-

ments in some of the large cities is almost incredible. Undoubtedly,

the annual sales of some of the best establishments of this kind in

New York City will not fall short of three or four hundred thousand

dollars. The stores themselves are looked after with the greatest

care, every attention being given to the satisfying of artistic desires

on the part of the customers. As already pointed out, the successful

men in this business are those having sufficient artistic ability not

only to cater to the demands of the customers, but to create new fads.

The arrangement and handling of the flowers, the boxes, ribbons,

delivery wagons, messenger boys, and every detail must be of the

most artistic kind in order to attract attention and draw trade.

It frequently happens that, owing to circumstances, quantities of

flowers are left on the hands of wholesalers, commission men, and

others. Most of this material is now disposed of to a class of men
known as street fakers, who often play an important part in relieving
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the pressure on an already full market. These fakers are to be
found everywhere in large cities, and, with their push carts and
other facilities for locomotion, they are doubtless able to supply a

class of trade that could not be reached in any other way.
Through the trade journals growers, wholesalers, and retailers are

kept in close touch with each other. These journals are published

weekly, and each has its staff of special correspondents, who watch
the markets and call attention to every detail worth noting. A
review of the market reports in them for the past ten years brings

out some interesting points. For instance, by averaging their weekly
quotations from January, 1890, to December, 1899, it is seen that

while there has been an enormous increase in the production of cut

flowers, prices have not decreased as much as would naturally be

expected. The following table shows the average prices received for

roses, carnations, and violets in four of the principal markets during

the period named:

Average wholesale pria ' roses, carnations, and violets, from 1890 t<> 1S00,

inclusive, in the four principal cut-flower markets.

Market.
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The following- table shows the percentage of decrease in prices dur-

ing the past five years as compared with the previous five:

Percentage of decrease in wholesale prices of roses, carnations, and violets, from
1S95-1S99, as compared with those received from 1890-1894.

Market.

< Ihicago

Boston

Philadelphia.

New York ...

Roses.

Per cent.

33

10

8

30

Carna-
tions.

Violets.

Per cent.

19

12

13

39

Per cent.

9

SO

a.22

34

a Increase.

Viewing the work as a whole and considering its marvelous develop-

ment, it stands out as one of the most striking examples of the advance
of wealth and culture. The increasing love for flowers denotes a

growing refinement and a higher appreciation of all things artistic,

which promises well both for the individual and the nation.



RISK AND FUTURE OF IRRIGATION IN THE UNITED
STATES.

By EkWOOD Mead,

/ Irrigation Investigations, Office of Experiment Station*.

REMAINS OF ANCIENT IRRIGATION WORKS.

The earliesl pathway of civilization on the American continent led

along the banks of the .streams. In various parts of the Southwest,

notably in the Sail River Valley of Arizona, in northern New Mexico,

and along the southern borders of Colorado and Utah are well-defined

remains of irrigation works which have outlived by many centuries

the civilization to which they belonged. In at least one instance the

hank of an ancient canal has been utilized as a part of modern works.

Riding up the valley of the Rio Grande, in the first half of the six-

nth century, Spanish explorers found in the midst of arid sur-

roundings beds of beautiful roses, ••not unlike those in the gardens

of Castile," as they noted in their diaries. They also found Pueblo
Indians irrigating the thirsty soil, as their forefathers had done for

centuries before them and as their descendants are still doing- to-day.

In this valley and along the tributary streams, and at other places in

the desert wastes of the Southwest, Spanish settlements sprung up
and maintained themselves by means of these life-giving waters. The
ditches at Lascruces, X. Mex., have an unbroken record of three

hundred years of service, the history of which is written in the banks
of the canals and in the fields irrigated. This is due to the sediment

with which i lie waters of the Rio Grande are laden. Year after year this

has slowly added layer on layer to the sides and bottoms of these ditches,

until from being channels cut below the surface of the soil they are

now raised - or :J feet above. It is here that one can yet find agricul-

ture almost as primitive as that of the days of Pharaoh, where grain

is reaped with, the sickle and thrashed by the trampling of goats.

EARLY IRRIGATION IX CALIFORNIA.

Flora these settlements and from the conquered cities of Mexico

adventurous missionaries pushed their way still farther westward

until they came in sight of the Pacific, teaching the Indians the crude

art of irrigation, which they had learned either in Spain or of the sim-

ple inhabitants of the interior, and making oases of bloom and fruit-

age among the hills and deserts of the coast. So came the early

591
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churches and gardens of California and the first small impulse toward

the conquest of its fertile soil, which must always be gratefully asso-

ciated with the memory of the Mission fathers.

Measured by their eost or the skill required to construct them, the

small, rude furrows which watered these gardens are now of little

importance. Compared to the monumental engineering works which

have succeeded them, they possess to-day but little interest. The best

preserved of these Mission gardens is now an insignificant featui*e in a

landscape which includes miles on miles of cement-lined aqueducts,

scores of pumping stations, and acres on acres of orange and lemon
orchards, cultivated with thoroughness and skill not surpassed in any

section of the Old World or the New. It was far different at the end

of the eighteenth century, when the thirty or more of these gardens

which were scattered along the coast between the Mexican border and
San Francisco were the sole resting places of weary travelers and their

fruit and foliage the only relief in summer from the monotonous land-

scape presented bj' the brown and arid hills which surrounded them
on every side. They were under those conditions not only successful

centers of influence from which to carry on the Christianizing of the

Indian tribes, but forces tending to break up the migratory impulse by

the establishing of homes among the early Spanish explorers.

BEGINNINGS OF MODERN IRRIGATION.

For the beginnings of Anglo-Saxon irrigation in this country we
must go to the Salt Lake Valley of Utah, where, in July, 1840, the

Mormon pioneers turned the clear waters of City Creek upon the sun-

baked and alkaline soil in order that they might plant the very last

of their stock of potatoes in the hope of bringing forth a crop to save

the little company from starvation.

Utah is interesting not merely because it is the cradle of our modern
irrigation industry, but even more so as showing how important are

organizations and public control in the diversion and use of rivers.

Throughout the pioneer period of their history the settlers of Utah
were under the direction of exceptionally able and resourceful leaders,

who were aided by the fact that their followers were knit together by

a dominating religious impulse. These leaders had the wisdom to

adapt their methods and shape their institutions to conform to the

peculiar conditions and environment of a land strange and new to

men of English speech. They found that irrigation was necessary to

their existence in the home that they had chosen, and that the irriga-

tion canal must therefore be the basis of their industrial organization,

which was largely cooperative; hence, the size of their farms, which

are less than 30 acres upon the average, the nature of their social

relations, which are close and neighborly. (Pis. LIV and LV show

some methods of irrigation and the improvement following the irriga-

tion canal.)
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Fig. 1.—The First Irrigation.

Fig. 2.—A Later Irrigation.
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Fig. 1 .—Appearance of Irrigation Canal when First Completed.

Fig. 2.—Appearance of Irrigation Canal Ten Years after Completion.
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Fig. 1.—View at the Head of One of the Early Irrigation Canals in Utah.

Fig. 2.—Mount Union, from Union Pass.
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That the great material results which quickly followed could have

been realized without the cohesion which came from an association

dominated by religious discipline and controlled by the superior intel-

ligence of the head of the Mormon Church, is doubtful; but that the

character of institutions in the valleys of Utah, both industrial and

social, was chiefly due to the environments in which they were placed

is bej7ond dispute. Cooperation became the dominant principle sim-

ply because the settlers were in a land without capital, and it was

beyond the power of the individual to turn the mountain current from

its course and spread it upon his lands. Only the labor of many indi-

viduals, working under organization and discipline, could make the

canals or distribute the waters. A small farm unit was chosen, not

because men were less greedy for land than in all other new countries,

but because it was quickly seen that the extent of the water supply

was the measure of production, and their ability to provide this was

small. Diversified farming, which is one of the leading causes of the

remarkably even prosperity of Mormon agriculture, was resorted to

because the Territory was so far removed from other settlements that

it was compelled to become absolutely self-sustaining. The small

farm unit made near neighbors, and this advantage was still more

enhanced by assembling the farmers' homes in convenient village

centers. One reason for adopting this plan, in the first place, was

doubtless for protection against the Indians, but it has become a per-

manent feature, which is still adhered to in making new settlements

because most satisfactory to the social instinct. (A view at the head

of one of the early irrigation canals in Utah is shown in PL LVI, fig. 1.)

COOPERATIVE COLONIES IN COLORADO AND CALIFORNIA. .

The discovery of gold in California created the Overland Trail, which

wound its tortuous course across the hitherto trackless wastes of the

arid domain. Its stations were usually along the banks of the streams.

In the neighborhood of these, settlers had established themselves, and

by means of simple furrows turned the waters of the streams upon the

bottom land. This was the extent of irrigation throughout the vast

region it traversed, outside of Utah, before the Union Colony at Gree-

ley, Colo., became the second historic instance of the beginnings of

the present system, and one which furnished a different standpoint

for a study of the subject.

As Utah is the result of a religious emigration, so Greeley is the

creation of the town meeting. Its founding marked the beginning of

a new and different industrial development in Colorado. Before this

it was the wealth of the mines or the migratory and adventurous

experiences of the range live-stock business which had attracted set-

tlement. Greeley, on the contrary, represented an effort of home-

making people, both to enjoj* landed independence and social and

intellectual privileges equal to those of the towns and cities they had

1 A 99 38
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left. Among its first buildings was Colony Hall, and among its first

organizations the Lyceum, in which all the affairs of the community
were debated with a fervor and fearlessness quite worthy of Horace
Greeley's following. Cooperation was adopted in the construction

and management of public utibties, of which the irrigation canal was
the first and most important. The wisdom and justice of making
common property of the town site, the beauty and value of which
could only be created by the enterprise and public spirit of all, was
recognized and put into practice with, satisfactory results. The only

deliberate extravagance was the erection at an early day of a school

building worthy of the oldest and richest New England community.
The highest methods both of irrigation and cultivation were sought
out through numberless experiments, until Greeley and its potatoes

grew famous together. The home and civic institutions of the colony

became the pride of the State, and the hard-won success of the com-
munity inspired numerous similar undertakings and furnished an
impulse which resulted in the reclamation and settlement of northern
Colorado. Boulder, Longmont, Loveland, and Fort Collins were the

outgrowth of success at Greeley, and each adopted many of the ideas

and tendencies of the parent colony.

Twenty years subsequent to the beginning of Utah, and contempo-
raneously with the settlement of Colorado, similar influences began
to make themselves felt in California, especially in its southern part.

Anaheim is called the mother colony. This was cooperative in its

inception, and its principal irrigation system has ever remained such.

Riverside followed a few 3
Tears later and represented a higher ideal;

but the spirit of speculation in which California civilization was born
soon fastened itself upon irrigation, as it had done in the case of min-
ing, and ran a mad race through southern California. Irrigation in

this State became corporate and speculative. Where Utah and Col-

orado had depended only upon their hands and teams for the building

of irrigation works, California issued stocks and bonds, and so mort-

gaged its future. Men began to dream of a new race of millionaires,

created by making merchandise of the melting snows, by selling

"rights" to the "renting" of water, and collecting annual toll from
a new class of society, to be known as "water tenants."

CORPORATE CANAL, BUILDING.

The investment of corporate capital in canals to distribute and
control water used in irrigation began in California, but spread like

a contagion throughout the West. For a quarter of a century it has

been the leading factor in promoting agricultural growth of the west-

ern two-fifths of the United States. It has been the agency through

which many millions of dollars have been raised and expended,

hundreds of miles of canals constructed, and hundreds of thousands
of acres of land reclaimed. It has built the largest overfall dam ever
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Fig. 1. Canal Waste Gate Closed.
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Fig. 2.—Canal Waste Gate Open.
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placed iii a large river. It has been the chief agency in replacing

temporary wooden structures by massive headworks of steel and
masonry, and has, by the employment of the highest engineering

talent available and the introduction of better methods of construc-

tion, promoted the economy and success with which water is now
distributed and used. The question which is now to be considered is

how tile vast fabric created through its agency is to be directed and
controlled in order that it may not crumble of its own weight. (PL

LVII.)

The construction of irrigation works by corporate capital came as

a natural if not inevitable evolution. There came a time in the dis-

tricts first settled when the opportunities to divert water cheaply had
largely been utilized, and when the expenditure required was beyond
the means of either the individual or the cooperation of many indi-

viduals. The preliminary outlay was too great. In older European
countries experience has shown that no agency can be so wisely

intrusted with these larger expenditures as the State. Large irriga-

tion canals have been considered as being, in their nature, as much
public improvements as arc works to supply water to cities and towns.

Being for the service of the public, those in older European countries

have largely passed under public ownership.

In this country corporations have, so far as construction is con-

cerned, taken the place of governmental agencies in other lands.

Practically all of the larger and costlier works built within the last

two decades have been of this character. The High Line Canal, which

waters the land surrounding Denver, Colo., with its tunnel through the

mountains and its aqueduct carried along the rocky cliffs below; the

canals of the Wyoming Development Company, with its tunnel alone

costing more than all the Greeley Colony canals combined, and its

reservoir for storing the entire year's discharge of the Laramie River;

(he Sunnyside Canal of Washington, which when built traversed 00

miles of sagebrush solitude, are illustrations in three States of the

nature of corporate contributions to irrigation development. Even in

Utah, cooperation was not sufficient to reclaim all of Salt Lake Val-

ley. For forty years the table-land north of the lake, one of the

largest and best tracts of irrigable land in the valley, remained unoc-

cupied, while the sons of the pioneers were compelled to seek homes
in the surrounding States. To reclaim this land, a canal had to be

carried for 3 miles along the precipitous sides of Bear River Canyon.

The flow of the river had to be controlled by an extensive dam and
the Alalad River twice bridged by long and high aqueducts, and the

million-dollar outlay required was more than home seekers could

provide.

The creation of water-right complications came with the building

of corporate canals. Previous to this it had been the rule for those

who built ditches to own the land they watered, and there was little
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difference as to whether the right to water went with the ditch or with

the land, because the ownership of both was united in the same person.

But when companies were organized to distribute water for others to

irrigate with and to derive a revenue from water rentals, there arose

the question as to who was the owner of the right to the water

diverted—the company transporting the water or the farmer who used

it. The laws of nearly all the Western States make the ditch owner
the appropriator. This has created a divided ownership of land and
water, and many canal companies have framed water-right contracts

on the theory of absolute ownership. These have proven a source of

constant irritation to farmers. Some of these contracts require the

farmer to pay, at the outset, a royalty or bonus for the "right" to

receive water, the charge for this right varying from $5 to $500 per

acre, depending on the scarcity of the water supply or the value of

land and its products. There is a very prevalent feeling among
farmers that as they are the actual "beneficial usersj' of the stream,

they should be considered the appropriators, or at least that the owner
of the land should share with the owner of the ditch in the right to

water.

OBJECTIONS TO CORPORATE CANALS.

Having dealt with the benefits derived from corporate investments

in irrigation works, it is now proper to point out their defects. The
most serious one is that nearly all large canals have been losing invest-

ments. The record of these losses is so stupendous that it is reluc-

tantly referred to. A single enterprise in one of the Territories repre-

sents to its projectors a loss of over $2,000,000. The Bear River Canal,

in Utah, which cost over a million dollars, was recently sold under a

judgment for about one-tenth of this sum. A single canal in Cali-

fornia represents a loss to its builders of over $800,000. These are

not isolated cases. Similar instances might be multiplied indefi-

nitely. They are not due to bad management, to dishonesty, or faulty

engineering. Some of the worst failures in a financial sense have been

handled by the brightest and most experienced men in the West, but

they were not able to make their enterprises pay, that is, they have

not paid their builders. Nearly all have been a success so far as the

section interested was concerned, but the benefits have gone to the

public and not to the investors. The reasons for this should be more

generally understood. The following are the most important:

(1) The necessarily long delay in securing settlers for the land to

be irrigated and in obtaining paying customers for the water to be

furnished.

(2) The large outlay and several years of unprofitable labor required,

as a rule, to put wild land in condition for cultivation. Settlers of

limited means can not meet this outlay and in addition pay water

rentals. Nearly all of the settlers on arid public land are men of
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limited means; hence, canal companies have at the outset to furnish

water at small cost, or furnish to a small number of consumers.

(3) The unsuitability of the public-land laws to irrigation develop-

ment.

(4) The acquirement of the lands to be reclaimed, in many instances,

before canals are completed bjr nonresident or speculative holders, who

would do nothing for their improvement.

(5) Expenses of litigation. Experience has shown that in the esti-

mates of eost of a large canal provision should be made for a large

and long-continued outlay for litigation. It begins with the adjudi-

cation of the stream and is protracted through the controversies over

water rights.

WATER-RIGHT PROBLEMS OF THE ARID REGIONS.

After this brief sketch of the beginnings of American irrigation,

some of the lessons of which will be considered at a later point in this

article, we may appropriately turn to the great arid region as a whole

and the complex legal, economic, and social problems with which its

agriculture will vex the future.

Mount Union (PI. LVI, fig. 2) rises in solemn grandeur in the Wind
River Mountains of Wyoming south of Yellowstone Park. From this

peak flow three streams, which, with their tributaries, control the

industrial future of a region greater than any European country save

Russia, and capable of supporting a larger population than now dwells

east of the Mississippi River. These streams are the Missouri, the

Columbia, and the Colorado. The first waters the mountain valleys

on the eastern slope of the Rockies and the semiarid region of the

Great Plains; the second, the Pacific northwest, including part of

.Montana, all of Idaho, and the major portions of Oregon and Wash-
ington; the third, the Southwest, embracing much of Utah and west-

ern Colorado, parts of New Mexico and California, and all of Arizona.

In this vast district, when reclaimed, homes may be made for many
millions of people. To effect this result is a task inferior to no other

in the realm of statesmanship or social economics. It is the nation's

farm. It contains practically all that is left of the public domain,

and is the chief hope of a free home for those who dream of enjoying

landed independence, but who have but little besides industry and

self-denial with which to secure it. As it is now, this land has but

little value. In many places a township would not support a settler

and his family, and a section of land does not yield enough to keep a

light-footed and laborious sheep from starving to death. This is not

because the land lacks fertility, but because it lacks moisture. Where
rivers have been turned from their course, the products which have

resulted equal in excellence and amount those of the most favored

district of ample rainfall.
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There are only 0,000,000 acres of cultivated land along the Nile. It

is all irrigated. Where there is no irrigation there is desert. This

little patch of ground has made Egj-pt a landmark in the world's his-

tory. It supports over 5,000,000 people and pays the interest on a
national debt half as large as our own. The Missouri and its tribu-

taries can be made to irrigate three times the land now cultivated

along the Nile.

The essence of the problem to be met at the outset is the control

and distribution of the water supply, since not only the enduring
prosperity but the very existence of the homes created will be con-

ditioned upon the ability to use these rivers for irrigation. The
diverse interest of individuals and communities, and even of different

States, will all be dependent on streams flowing from a common
source. To reclaim all the land possible will involve the spreading of

water over a surface as large as New England with New York added.

Standing now at the birth of things and looking down the vista of

the future, we can see in the course of these rivers the dim outline of

a mighty civilization, blest with -peace and crowned with a remarkable
degree of prosperity, in case wise laws and just policies shall prevail

in the years of the immediate future while institutions arc forming.

But if it be otherwise, if greed and ignorance are allowed to govern,

and Ave ignore the experience of older countries than ours, there will

remain to us onhy a gloomy forecast of legal, economic, and, possibly,

even civil strife.

THE APPEARANCE AND RESOURCES OF THE ARID REGION.

In discussing this phase of the subject, let us follow the Missouri,

Columbia, and Colorado rivers in their lonesome courses through
mountains, plain, and desert to the place where one joins the Missis-

sippi, where another mingles its waters with the Pacific, and where a

third flows into the Gulf of California. For it is not only interesting

but important to see in the midst of what surroundings so large a

future population must dwell, and upon what other resources than

water and land it will rear its economic edifice.

The climate of the western half of the United States takes its chief

characteristic from its aridity, or dryness. The heat of its Southern

summers and the cold of its Northern winters are alike tempered and
mitigated by lack of humidity. Neither the humid heat which pros-

trates nor the humid cold which penetrates to the marrow is known
in the arid region. The Western mountains and valleys are a recog-

nized natural sanitarium where thousands of invalids are sent each

year by physicians to regain their health.

The dominant feature in the physical appearance of the arid regions

is its mountain topography. On every hand a rugged horizon meets

the view. From North to South, from Canada to Mexico, the Rocky
Mountain Range makes the backbone of the continent. Along the
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Pacific coast the Sierra Nevada and Cascade ranges lift their harriers

to intercept the moisture and condense it into snow. Between these

two principal chains, with their connecting ranges and outlying spurs,

are many minor systems, so that the whole country is a succession of

mountains and valleys, of forests and deserts, of raging torrents and
sinuous rivers winding to their sinks upon the plains or making their

difficult way to the distant ocean. The far West is thus a land of the

greatest scenic beauties, and widely celebrated as such.

The cultivable lands lie in the valleys, rising with gradual slope on
either side of the streams to meet the foothills. Narrowing to the

mountains, these valleys widen as the river loses grade and approaches
the sea or its confluence with a larger stream. There are valleys

which will accommodate hundreds, others, thousands or tens of thou-

sands, and a few, like the Sacramento, in California, where millions

may dwell.

In the eastern portion of the arid region, and in high altitudes

farther west, the land is covered with nutritious natural grasses, which
furnish ideal range for live stock. But the characteristic badge of

the region is the sagebrush. This brave plant of the desert is com-
monly held in derision by those who behold it for the first time, and
until they learn to know it as the shelter and dependence of range

live stock when the terrible blizzard sweeps from the north and as the

sure indication of good soil and the humble prophet of the field,

orchard, and garden. Thus, it happens that to the casual traveler

tie- appearance of the region is forbidding. It is only in localities

where the work of reclamation lias been in progress long enough to

permit the growth of trees, with farms and homes, that the value of

the soil and climate can be appreciated. There are such instances in

all the seventeen States and Territories of the far West. One of the

most striking is the Salt River Vallej7 of Arizona. Here the traveler,

after a long and tiresome journey through waste places, finds himself

suddenly confronted with homes rivaling in taste and luxury those of

Eastern States, and with orchards and gardens which resemble more
the century-old gardens of France and Italy than a creation of the

last twenty years.

Similar instances are the San Bernardino Valley of southern Cali-

fornia, the Salt Lake Valley of Utah, and the Boise Valley of Idaho.

MINERAL WEALTH OF THE ARID REGION.

Another fact which contributes to the breadth of the economic
foundation of Western agriculture is the variety and value of its min-

eral wealth. In this it is richly endowed, not only with the precious

metals, but with the baser ones used in arts and industries, and with

unusual quantities of coal, ore, and building stone, the latter of which
includes rnany rare and valuable kinds, such as marble, onyx, and
agate.
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While the annual value of these products runs into the tens of mil-

lions of dollars, it is literally true that their development is yet in its

infancy. With the extension of railroad facilities, the improvement

and cheapening of mining processes, the extension of agriculture, and

consequent increase in the volume and decrease in the cost of the home
food supply, the gain in annual production will assume in the future

dimensions which would now be considered beyond belief.

SOURCES OF FUTURE PERMANENT PROSPERITY IN THE ARID REGION.

To the mines must be added the forests which clothe the mountain

sides, especially those of the northern part of this region. To a large

extent this is still virgin ground, where only the foot of the hunter

and explorer has trodden. It is a region unrivaled in its opportuni-

ties for the development of water power. The Shoshone Falls in Idaho

are scarcely inferior to those of Niagara. The hundreds of streams

which fall from the 10,000-foot level of the Rocky Mountain Range to

the 4,000-foot to 5,000-foot level of the plain at their base are destined

to turn more wheels of industry than have yet been harnessed west of

the Mississippi River. Back of the irrigated lands are the grazing

lands, of which there are probably not less than 400,000,000 acres.

These lands have been the dominant factor of the pioneer life of many
of the arid Commonwealths, and they are destined, under proper man-

agement, to always constitute the great nursery of cattle, sheep, and

horses. The irrigated farm has back of it the mine, the furnace,

and factory, and the civilization of Western America can not fail

to have a prosperous and varied industrial life. Here there can

be no one-sided development, no community exclusively devoted to

the production of corn, wheat, or cotton, to manufactures, or to com-

merce. The farm, the stock ranch, the lumber camp, the mine, the

factory, and the store are destined to grow up and flourish side by

side, each drawing support from and furnishing sustenance to the

others.
PRESENT AND FUTURE OF IRRIGATION.

The present situation, the results secured, and the tasks ahead in

securing a wise disposal of the arid lands and in preventing the rivers

from becoming an instrument of monopoly and extortion, will now be

considered.

We are met at the outset by an entire absence of definite informa-

tion. We do not know, nor is there any ready means of determining,

how many irrigation works have been built. In many States no pro-

vision is made for their record. In only two States is this record

even measurably accurate or complete. There may be 75,000 com-

pleted ditches, or there may be double the number, but either as to

their number or as to the number of acres of land reclaimed thereby

there is only surmise and conjecture. This, however, is known, that
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the highest priced and most productive farm lands on this continent

are in the arid region; that the largest yield of nearly every staple

crop has been obtained by the aid of irrigation ; that not only has the

growth of agriculture furnished a market for the factories of the

East and supported the railroads which unite the two extremes of

the country, but it is the chief resource of nearly every one of the

arid States. Colorado leads all the States of the Union in her output

of precious metals, but the value of the product of her farms is nearly

double that of her mines.

In California it is the grain fields and orange orchards which sup-

port the majority of her industrial population and furnish the basis

for her future material growth and prosperity. The beginnings of

Utah were wholly agricultural, and without the irrigated farms the

cities of that interior Commonwealth would as yet be only a dream.

In a less striking degree the same condition prevails in Idaho, Wyo-
ming, Montana, New Mexico, and Arizona. This is the situation,

while irrigation is as yet in its infancy. The reclaimed areas, though

making a large aggregate, look very insignificant relatively to the rest

of the country when delineated upon a map of the arid region. The
possibilities of reclamation have but begun to be realized, yet when
every available drop of water shall have been applied to the soil the

irrigated lands will constitute a comparatively small proportion of the

entire country. The possibilities of irrigation are, however, to be

measured not alone by the possible extent of the agricultural industry,

but by the development of other resources which it will make feasible.

The best and largest use of the grazing lands, the utilization of the

forests, the development of mines and quarries, and the maintenance

of railroads and commerce in the western half of the United States,

all hinge upon the control and use of streams ia connection with the

fundamental industry of agriculture. Since irrigation is essential to

agriculture in the arid States, the extent and character of its develop-

ment must surely measure the superstructure to be built upon that

foundation.

GROWTH OF IRRIGATION AND NEED OF BETTER LAWS.

Some of the beginnings of irrigation have been referred to. The
details of its growth can not be dealt with. It has been crude in

many ways. There has been no attempt to provide for the diversion

of rivers according to some prearranged plan having for its object the

selection of the best land and the largest use of the water supply.

Instead, each appropriator of water has consulted simply his ability

and inclination in the location of his head gate. There has been an

almost complete failure to realize that the time was coming when on

many streams the demand would exceed the supply, and that a stable

water right would be as important as a valid land title. The laws

passed for recording claims are, as a rule, so loosely drawn and
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imperfect that they would be a source of amusement if the evil results

of their operation were not so disastrous. More than half of the State

laws provide for inaugurating a title to water by posting a notice on
the banks of the stream. The}7 have not aided the proposed appro-

priator, because the right to post other appropriations was unre-

stricted. They are of no use as a warning to others, because not one

in ten thousand of the parties concerned ever see them. A search

for these notices along the cottonwood borders of the Missouri and its

tributaries would be the unending labor of a lifetime; hence, the

requirement was and is ignored; it is another of the many influences

tending to unsettle irrigators' just rights and bringing the attempts to

frame laws for their protection into disrepute.

Looking over the field at the close of the century, we find that the

United States stands practically alone among irrigation countries in

having left all the work of reclamation to the unaided efforts of

private capital, and in the prodigality of the surrender of public con-

trol of streams. In one respect the policy pursued has been suc-

cessful. It has resulted in an enormous investment (not less than

$100,000,000, and some estimates make it twice that sum) and the crea-

tion of taxable and productive wealth of many times the amount
invested. We have now about reached the limit of this sort of growth.

There will be few large private investments in canals hereafter until

we have better and more liberal irrigation laws. Entrance on the

coining century is confronted by larger problems; the storage of flood

waters, the interstate division of streams, and the inauguration of an
adequate system of public control, which will insure to the humblest
handler of a shovel his share of the snows falling on mountains above
his farm, no matter how far removed therefrom he may be.

NEED OF REFORM IX THE MANAGEMENT OF ARID PUBLIC LAND.

Along with better water laws should come a corresponding reform

in the management of the remaining arid public land. At the outset

of its settlement these problems were entirely new to English-speaking

men.

Early settlers came from the humid portions of Europe and settled

along the humid coast line of the Atlantic and, later, in the humid
valleys of the Ohio and Mississippi rivers. The land laws which they

applied to the public domain of their day produced excellent results,

making homes for millions of people and effecting a wonderful devel-

opment of material resources.

When settlement had proceeded under these laws to the Missouri

River and beyond, it was not strange that their principles were
extended to the remaining public domain, for the vast majority of the

American people had no conception whatever of the conditions exist-

ing in the far West. Not only the national lawmakers, drawn mostly
from regions of abundant rainfall, but the legislators in the arid States
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themselves were blind to the necessities of the situation. The value

of gold they knew, but the value of that other element of national

wealth, which will continue to sustain vast populations long after the

last ounce of gold shall have been taken from the mine, they did not

even dimly appreciate. So, to a large extent, they merely reenacted

upon their statute books the common law of rainy and foggy England.

HOMESTEAD LAW NOT ADAPTED TO THE ARID REGION.

The homestead law may have served a useful, even a beneficent,

purpose throughout large sect ions of the Republic, but it is not adapted

to the settlement of a region where practically nothing can be grown
except by artificial application of water. This fact has been learned

at last through many years of hardship and disappointment, at the

cost of many million dollars. One of the most pitiful pages in the

history of the West is that which records the story of the settlement

of the semiarid belt lying between the ninety-seventh meridian and
the foothills of the Rocky Mountains. This is a territory 500 miles

wide, extending from Canada to .Mexico, including the western por-

tions of the two Dakotas, Nebraska, Kansas, and Texas, and also

eastern Colorado. In the absence of scientific demonstration to the

contrary, tens of thousand's of people rushed into this territory under
the delusion that it was a land of reliable rainfall, or would soon

become such as the result of settlement and cultivation.

New settlements sprung up in every direction, and important towns

arose almost in a night. Men hastened from all parts of the country

to claim their rights under the homestead law. Remembering the

prosperity which .similar armies of settlers had wrung from the virgin

soil of the West, unlimited capital lent willing support to this new
outward surge of growing population. The capital was largely lost,

but the pathetic side of the picture was seen in the bitter disappoint-

ment of the settlers themselves. Many of them wasted the most use-

ful and pregnant years of their lives in their brave persistence in the

belief that the climate would change as the land came under cultiva-

tion, and that there was some magic potency in the homestead law to

overcome the processes of nature. It is recognized at last that where
water sufficient for purposes of irrigation can not be had the land is

useful only for grazing. It is a mistake for the Government to offer

to citizens land of that character on condition that they will settle

upon 160 acres of it and make a living. There can be but one of two
results—either the settler must fail or he must become practically the

tenant of the person or corporation furnishing water for his dry land.

OPERATIONS OF THE DESERT-LAND LAW.

The desert-land law was devised to promote the investment of cap-

ital rather than to encourage sottlement. For this reason it did not

require actual residence on the land reclaimed. Originally, whoever
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would irrigate 6-40 acres of land was given title thereto on the pay-

ment of the Government's price. Later this acreage has been reduced

to one-half the original area. The operation of this law has been

both useful and injurious. To give so large an area to men of small

means is a mistake, because it is more than is needed to make a home
and more than they can cultivate. It is not suited to corporate enter-

prise, or to reclaim large valleys which can be watered from a single

canal, because it makes no provision for concerted or effective man-
agement of the entire area. Its field of effective usefulness has

therefore been limited. While it has added somewhat to the taxable

and productive wealth of Western States, it has also operated to trans-

fer to single owners miles of water fronts which without this law

would have been divided up into smaller farms with better social and

agricultural conditions.
THE CAREY ACT.

What is popularly known as the Carey Act, from the name of its

author, Senator Carey, gives to each State the right to segregate

1,000,000 acres of land and to control both its reclamation and dis-

posal to settlers. The limitations of the operations of this act confine

its benefits simply to the opportunity to secure better management
during the time of canal building and settlement. Five States have

accepted the trust, but in only one, Wyoming, have any canals been

completed. These canals have been built by companies operating

under a contract with the State. In Montana it is proposed to con-

struct State canals from money obtained by selling bonds secured by

the land to be irrigated. Enough progress has not as yet been made

to determine whether or not this innovation on past irrigation meth-

ods is to meet with success; if it does, the third step in the evolution

of canal building, which is the construction of State works, will have

been inaugurated.

INFLUENCE OF THE RANGE INDUSTRIES.

To a certain extent there is an inevitable conflict between those

who wish to use the public domain for homes and those who prefer to

have it reserved for pasture, and, again, between those who wish to

use the pasture for cattle and those who want it for sheep.

The range industries obtained possession of the field long before

the higher utility of the lands for irrigation and settlement was gen-

erally appreciated. When irrigators did come, they worked more or

less injury to the range stockmen, for each settler occupied a part of

the water front and added to the number desiring to use the free

grazing land. It is for the interest of the range-stock industry that

access to streams be made as free as possible and that nothing be

done to reduce their volume or prevent the overflow of natural mead-

ows, while the higher interest of irrigation and settlement demands

that the stream be diverted and its waters distributed over the widest
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possible area. The conflict is between the wasteful use of water on

the one hand and its economical use on the other, and, in a sense,

between a primitive and a more highly organized civilization.

This statement should not he construed as denying that the range-

stock industry is of vast importance nor that it will continue to be a

great source of wealth to the country. Throughout the West there

are very large areas suited to nothing else. The point is that the

higher interest of society lies in the most economical and profitable

use of water to the end that homes may bo made for the largest pos-

sible number. Neither water nor land laws have favored this result,

but precisely the contrary. The object of reform should be to pre-

serve and develop all interests, to adapt laws and institutions to the

peMdiar conditions and environment of the region. This can be

done with far greater security to the pastoral industries than they

enjoy under the present system, and at the same time land and water

available for making homes and farms utilized to the best advantage.

UNCERTAINTY AS To ST VTE AND FEDERAL JURISDICTION.

The pioneers of irrigation are menaced by the uncertainty which

exists as to the limits of State and federal jurisdiction in the control

of streams. It has heretofore been assumed that the authority of

each State within its borders was unquestioned, and two of the States

contain constitutional provisions asserting absolute ownership and
control of all the waters within their bounds. A recent decision of

the United States circuit court in Montana holds this view to be erro-

neous, and that the snows which fall on public land and the streams

which cross it are both under the control of Congress. A similar

complication has arisen in litigation over a reservoir on the Rio Grande,

in which both interstate and international rights are involved. In

this case the United States Supreme Court has asserted the right of

the General Government to protect the interests of navigation regard-

less of State statutes respecting the use of water in irrigation. The

assertion of the paramount importance of riparian rights and of the

protection of navigation, regardless of the use of water in irrigation,

will add greatly to the uncertainty regarding water rights from the

tributaries of the Missouri or any other of the rivers navigable in any

portion of their course. The reclamation of the arid region involves

the absorption of streams, and it can not be settled too soon whether

or not such absorption is to be permitted.

COMPLICATIONS FROM LACK OF UNIFORM WATER LAWS.

On the other hand, serious complications have arisen from the absence

of any general or national regulations governing the division of water

across State lines. There are many instances where one stream is a

common source of supply to irrigators in two or more States. It has

sometimes happened that the perennial flow of such streams has been
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first appropriated in a State along its lower course and utilized at a
later period by other States near its source. Neither of the States

concerned possesses power to remedy the evil, and each makes claim

to all the water flowing upon its soil.

The conditions which govern irrigation throughout much of the

arid region are practically uniform, and where this is true there is no
question that a uniform irrigation law would operate with equal jus-

tice and efficiency; but, owing to the absence of such general super-

vision, water rights in States adjacent to each other are often as

different in character as if these Commonwealths were on opi3osite

sides of the globe. Failure to correct or regard these complications

aggravates the evils to which they give rise and renders the ultimate

.adoption of a uniform system of laws far more difficult. There is bat
one thing the States have shared in common, and that is endless liti-

gation over water rights. There is no uniformity of laws or decisions.

The same issues are tried over and over again, and the precedent

established in one case is overturned in another. The construction

of costly works, and even the long use of water, has not alwa3Ts been
sufficient to secure parties in their rights. Where rights have been
successfully maintained, it has been done only at the price of constant

lawsuits.

Usually the amount of water claimed is many times in excess of

what the projected canal can utilize; frequently in excess of the entire

volume of water in the stream. There is no one to protect the public

interest as to the character of works to be built or to say wiiether

they conform to good public policy. The courts confirm these loose

appropriations, and the foundation for endless litigation is thus

securely laid. The question soon arises as to who first appropriated

the waters which do not suffice for all. There is then nothing to fall

back upon except the faulty filings wdiich were originally posted on
the banks of the stream and the testimony of interested citizens. It

frequently happens that old claims for very large amounts of water

have not been utilized to their full extent until later comers have
appropriated the unused surplus. The old claim is then enforced at

the expense of the later one. The result is confusion, loss, and bit-

terness among neighbors.

The difficulty lies, first of all, in popular misconception regarding

the nature of water rights and of property in water. This is enhanced

by lack of scientific information concerning the character and extent

of water supplies and of the amount required for beneficial irrigation.

Still further, there is a great need for a different system of appropri-

ating waters and of distributing a common supply among consumers.

These delicate and complex issues can not bo fought out among pri-

vate parties without producing a condition of virtual anarchy, in which

the weak must go down and the strong survive, regardless of their

merits or necessities. The failure of the irrigation industry from the
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financial standpoint is almost wholly due to the illogical land and
water laws which have been described.

METHODS AND MEASURES NEEDED TO DEVELOP THE ARID REGION.

It is well to consider now by what methods and by what measures

of legislation the splendid resources of the arid region may be opened

to development.

The first step is to determine the proper control and just distribu-

tion of the water supply. The problem varies with different portions

of the arid region. In the South, streams are generally torrential in

character, furnishing the bulk of their waters in heavy floods, which
must be stored in the many natural sites available in the mountains

at a distance from the places where the water is to be applied to the

soil. In the North, on the other hand, the problem is not that of

Storage, but of the diversion of great rivers like the Yellowstone, the

Snake, the Columbia, and the Missouri. Here works adequate to the

reclamation of the areas of arid land which remain can only be built

a1 great cost, rivaling those along the Ganges and the Nile.

Before such development proceeds further it is desirable that some
common agreement should be reached concerning the true character

of water rights. The idea of private ownership in water apart from

the land can not prevail without creating institutions essentially feudal

in character. A water lord is even more undesirable than a landlord

as the dominant element in society. It is indisputable, as has already

been said, that the man who owns the water practically owns the land.

A proposition which contemplates the turning over of all the land to a

private monopoly, thus making a tenantry of those who ma}- have their

homes upon it in the future, could not hope to command popular sup-

port. But the idea of a private ownership of water, amounting to a

virtual monopoly of this vital element, has been permitted to grow
up in the West. To a certain extent it has obtained recognition in

legislation and protection in judicial decrees and decisions. In other

countries the doctrine has largely disappeared, and in our country it

should give place to a more enlightened conception, and to the only

principle that can safely be adopted as the foundation of the agricul-

tural industry in the West.

The right to water which should be recognized in an arid land is the

right of use, and even this must be restricted to beneficial and eco-

nomical use in order that the water supply may serve the needs of the

largest possible number. Ownership of water should be vested, not

in companies or individuals, but in the land itself. When this prin-

ciple is adopted, the control of the water is divided precisely like the

land, among a multitude of proprietors. Reservoirs and canals are

then like the streets of the towm, serving a public purpose and per-

mitting ready access to private property on every hand. Water
monopoly is impossible under this method, and no other abuse is
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encouraged by it. Years of painful experience have ' abundantly

proven that peaceful and orderly development can not be realized

except as water and land are forever united in one ownership and
canals treated merely as public or semipublic utilities rather than as

a means of fastening a monopoty upon the community. In Wyoming
and Nebraska the true principle has already been adopted by the

State boards of control and put into practice with the best results. If

it can be maintained and speedily extended to the other States, as it

surely must be in time, it would mark an economic reform of the

highest significance in the life of the West.

APPROPRIATION AND DISTRIBUTION OF THE WATER SUPPLY.

Next in importance to the correct solution of the question of water

ownership are the great problems of appropriation and of distribu-

tion. As soon as possible all ditches used in irrigation should be

carefully measured b}^ some public authority and the results of this

measurement be given the widest publicity, in order that irrigators

may know approximately how much is taken and how much remains

to be taken by new canals. The need of this information is so obvious

that it will perhaps be difficult for readers unfamiliar with the sub-

ject to credit the assertion that in all but four of the Western States

the matter has been wholly neglected. This fact is largely respon-

sible for the disheartening litigation which prevails so widely.

It is of almost equal importance to have a scientific determination

of the practical duty of water, showing the amount required for differ-

ent soils and crops. Still further, there must be some form of public

control in the distribution of water. Trouble always results when
this is left to rival users to determine how much they need, espe-

cially in years of partial drought, when the supply may be insufficient

for all, and it is consequently necessary to recognize appropriations

in the order of their priority.

(Check gates on main canal and a measuring weir are shown in

PI. LVIII.j

PUBLIC SUPERVISION AND CONTROL OF IRRIGATION.

The entire discussion leads up to one inevitable conclusion : This is

that irrigation, over and above all other industries, is a matter demand-
ing public supervision and control. Ever}7 drop of water entering the

head gate, and every drop escaping at the end of the canal, is a matter

of public concern. The public must determine, through constitutions

and statutes, the nature of water ownership. The public must estab-

lish means for the measurement of streams and for ascertaining how
much water may be taken for each acre of land under the principle

of beneficial use. The public must see that justice is done in the

distribution of water among those who have properly established

their rightful claims to it. We have thoroughly tried the method of
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Fig. 1.—A Check and Lateral Gate on Main Canal.

Fig. 2.—A Cippoletti Measuring Weir.
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leaving all this to private initiative and management, and, along with

magnificent material progress, we have reaped a large crop of deplor-

able financial results.

While much must be left to the action of States and communities,

there is still a wide held for national effort. Only the nation can leg-

islate as to the public lands and reform the abuses which have been

referred to in connection with the present system of land laws. There

is a strong popular demand in the West for legislation providing pub-

lic aid in the construction of works of too great magnitude and cost

for private enterprise and a growing belief that one of two things

should be done: Either the arid States should be placed in a position

to extend this aid, or the General Government should extend the work

it is now doing in the reclamation of certain Indian reservations to

the reclamation of the unoccupied public lands. One policy much
discussed and widely favored is legislation which will permit of the

leasing of the public grazing lands for a -term of years at a small

annual rental, the proceeds to be given to the several arid States and

applied by them to irrigation development. If this is carried out, the

settlers owning the contiguous irrigated land should be favored; the

object being to unite with the lands reclaimed a certain portion of

the public pasture.

The National Government alone can make the besl and broadest

study of the various economic questions related to the development

of agriculture on arid lands. This includes not only the measure-

ment of streams and survey of reservoir sites, but also a consideration

of practical methods of applying water to the soil and of social and

industrial institutions adapted to the environment of the arid region.

The nation alone can deal with the conflicting rights in interstate and

international streams and with the construction of great reservoirs at

their head waters, with a view to benefiting the several States lying

along their course. The Nat ional Government is already active along

all these lines, and the field for the expansion of its efforts is wide

and inviting.

INFLUENCE OF IRRIGATION UPON PEOPLE AND COUNTRY.

While a description of existing conditions in the far West neces-

sarily includes references to many evils and disappointments, there is

a brighter side to the picture, and the future is luminous with new
hopes for humanity. A vast population will make its homes in val-

leys now vacant and voiceless, yet potentially the best part of our

national heritage. They will create institutions which will realize

higher ideals of society than the world has yet seen. Irrigation is

much more than an affair of ditches and acres. It not onlj' makes

civilization possible where men could not live without it, but it shapes

that civilization after its own peculiar design. Its underlying influ-

ence is that which makes for democracy and individual independence.

1 a 99 39
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IRRIGATION PRODUCTIVE OF SMALL PROPRIETORS.

Where land can only be cultivated by means of the artificial appli-

tion of water, and where that water is not under speculative control,

it is owned in small holdings. This is so because irrigation intensi-

fies the product of the land and so demands much labor. It is a kind

of labor which can not profitably be left to hired hands. The result

is a multitude of small proprietors working for themselves. This

fact is strikingly illustrated in southern California. Here the farms
arc small and almost exclusively occupied by their owners. But the

great wheat ranches in other parts of the State, notably in the Sacra-

mento Valley, depend chiefly upon hired laborers, who make no
homes of their own. The Sacramento Valley has less population now
than it had twenty-five years ago. Of the increase of the rural pop-

ulation of the State between 1880 and 1890, 77 per cent wrent to the

irrigated counties, and largely consisted of families who bought small

farms and proceeded to do their own work. The influence of a great

mass of small lu'oprietors tilling their own land can not fail to have a

very marked effect upon the character of the institutions.

DIVERSIFIED FARMING A FEATURE OF IRRIGATION.

Irrigation lends itself naturally to diversified farming and tends to

make population self-sufficient within itself. Although in certain

localities, especially those where the climate is favorable to raisins

and oranges, the contrary has sometimes been true, the tendency of

irrigation as a whole has been to discourage the production of single

crops and make families independent by producing the variety of

things they consume. This tendency is steadily gaining ground.

The diversified farming which irrigation both permits and encourages

wTill be an important element in contributing to the independence of

the people who shall inhabit the arid region of the future.

IRRIGATION AS A TRAINING IN SELF-GOVERNMENT.

Another interesting feature of irrigation is the training it gives in

self-government. A farmer under irrigation can not remain ignorant

and indifferent of public questions. He has to consider his interest

in the river which feeds his canal and the nature of his relation to

other users along its course. It is a training school in self-government

and gives the first impetus to civilization in rainless regions. The
capacity of the American farmer has already been demonstrated. He
is the author of the best of our irrigation laws. Colorado was the

first State to enact a law providing for the public control of streams

and some sort of systematic procedure for the establishment of rights,

but the credit of that is not due to her statesmen, but to the discus-

sions of the Greeley Lyceum and the public spirit and independence of

the irrigators under the Colony Canal. Opposed by the conservatism
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of the legal profession and the prejudices of those not practically

familiar with the subject, they had a long and doubtful struggle to

secure the adoption of a statute which for a time made the State the

lawgiver of the arid region.

In Utah the practices of water users are a hundred years in advance

of the State laws. This is duo to the fact that irrigators recognize

insensibly the community nature of their interest in the streams.

The old feudal idea of private ownership in water has never made an

irrigated district prosperous, and it never will.

IRRIGATION AND- COOPERATION.

Another feature is the tendency toward cooperation. Under the

Wyoming law accepting the Carey grant this cooperation is made
obligatory. Every settler under a canal becomes a shareholder

therein. Not only does the right to water attach to the land, but a

share in the canal sufficient to cany the water also goes with it. In

fact, the need of watering many farms from a common source and of

organizing a community under rules and discipline for the distribu-

tion of the supply make a Qursery of cooperation. Its most conspic-

uous manifestation is in the widespread and successful fruit exchanges

of California. There are many instances of smaller and more local

nizations of a cooperative industrial character, and they are mul-

tiplying rapidly. They seem likely to deal with yet larger affairs in

the future as communities gain in age, numbers, and wealth.

EFFECT OF IRRIGATION ON SOCIAL LIFE.

Heretofore one of the evils of the irrigated home has been its isola-

tion. The valleys of many streams are narrow. The broad areas

which lie between these valleys are the home of cattle and sheep, but

not of men. The Anglo-Saxon thirst for land, and the opportunity

which the desert-land act gave to gratify it, resulted at first in a wide

separation between homes, and in a loss to the pioneer of the advan-

tages of schools, churches, and social life. Under the larger and

later canals the tendency has been in the other direction. The Euro-

pean custom of making homes in village centers has been adopted in

parts of Utah, Wyoming, Idaho, and California, and steadily gains

in public favor. Where farmers live in villages, their families enjoy

ready access to schools, churches, libraries, and entertainments. The

agricultural society of the future in the Western valleys will realize a

happy combination of town and country life—the independence which

springs from the proprietorship of the soil and the satisfaction of the

social instinct which comes only with community association. Such

conditions are favorable to the growth of the best forms of civiliza-

tion and the noblest institutions. This is the hope which lies fallow

in the arid valleys of the West. Its realization is well worth the
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struggle which is impending for the reform of our land and water
laws, and which will impose high demands upon our statesmanship
and call for the exercise of the best order of patriotism.

THE COMMERCIAL IMPORTANCE OF IRRIGATION.

The commercial importance of the development of irrigation re-

sources is being realized in the West at the present time as never
before. Especially in California there is a new awakening, and an
effort on the part of the best elements of citizenship to remove the

obstacles which have formerly hampered both public and private

enterprise. The East, as a whole, is beginning to realize the great part

which the West is to have in the events of the twentieth century.

World-wide forces are working to hasten the day of its complete

development and of the utilization of all its rich resources. The
Orient is awake and offering its markets to the trade of the Pacific

coast. With the development of this trade there Avill come an impulse

for the completion of the material conquest of arid America by the

enlistment of public as well as private means in the storage and
diversion of its streams for the irrigation of its hundred million acres

of irrigable soil; the harnessing of its water powers to mill and fac-

tory wheels; the crowding of its pastures with new millions of live

stock; the opening up of its mines and quarries; the conversion of

its forests into human habitations; the coming of a vast population,

and the growth of institutions worthy of the time and the place.



SUCCULENT FORAGE FOR THE FARM AND DAIRY.

By Thomas A. Williams,

. 1 ssistant Agrostologist.

EARLY FORAGE CONDITION'S.

In the early years of the settlement of this country the farmers

found no difficulty in securing plenty of forage from the native

grasses for the few live stock they possessed. The supply was abun-

dant for their every need (in fact, seemed unlimited), and little

thought was given to the cultivation of crops designed especially for

forage purposes. If anything was needed in addition to the native

grasses, the lack was more than supplied by the waste or roughage

from the various garden and field crops, such as beans, peas, turnips,

and cabbage.

As the country became more thickly populated, and a greater pro-

portion of the land was brought under cultivation, the native forage

supply was reduced. Furthermore, with the advance of agricultural

industries came belter methods of caring for stock, and gradually it

became necessary to devote some of the cultivated land to the pro-

duction of forage crops. At first these crops were grown for pastur-

age or for hay, but with the development of the dairying industry

came the demand for succulent feed to keep up the flow of milk in

cows during the season of drought in summer and autumn, when

pasturage became reduced, and during the winter, when the fresh

pasturage was cut off entirely. The supplying of succulent feed for

these two seasons presented very different problems.

On the one hand, it was necessary to provide crops on the approach

of the droughty season and to arrange for a succession of these while

it lasted, the feeding being done from the field or by pasturing off

directly; on the other hand, it was not only necessary to grow and

harvest the supply of forage for winter, but it must bo preserved in

such a manner as to be ready for use at the proper time. In the South

the problem was less difficult than in the North, since, owing to the

climatic conditions, it was possible to secure fresh feed for at least a

large portion of the late fall and winter by the use of winter rye, oats,

and other so-called winter annuals. Naturally, root crops were among
the earliest grown for the purpose of supplying succulent feed for the

fall and winter, since they were already extensively grown for this

purpose in the Old World. Although these crops have received con-

siderable attention from farmers in different parts of the country,
613
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and their cultivation for forage has been at times quite general in cer-

tain sections, they have never assumed the place in American agri-

culture that they occupy in England and other parts of Europe, and
it is doubtful if they ever will do so. The reason for this may be
found in part in the different conditions under which agriculture has
developed in this country, but principally in the fact that corn, one
of our standard crops, so readily takes the place of root crops in the

farm rotations and is adaptable to use in so many wajTs as a food for

stock. Then, too, the advent of the silo gave the American farmer
a means of preserving this crop for an indefinite period in a most sat-

isfactory condition for feeding to all kinds of live stock.

PRESENT METHODS OF PRODUCING SUCCULENT FORAGE.

In the United States succulent food is in the main at the present

time provided by means of soiling crops, temporary or annual pas-

tures, and silage.

The crops that are most valuable for the production of succulent

forage comprise coarse, quick-growing plants that draw their nour-

ishment largely from the atmosphere and produce relatively large

amounts of foliage. They are much less exhausting to the soil than
grain and other so-called money crops, and include most of the best

soil renovators.

THE PLACE OF SUCCULENT FORAGE CROPS ON THE FARM.

Just as it must be generally admitted that a system of diversified

farming is preferable for the country at large, so it must be agreed

that succulent forage crops may be made to form a very important

part in the rotations to be followed in practicing such a system.

These crops can usually be grown in such a manner as not only not

to interfere in any way with the regular yields of grain or other pri-

mary crops, but even to the great advantage of the latter on account

of the direct beneficial effect which they may exert on the fertility of

the soil. This is especially true of such leguminous crops as vetches,

cowpeas, and crimson clover.

A strong r^oint in the favor of growing crops for succulent forage

lies in the fact that an increased number of stock may be maintained

on a given amount of land and that the dairy products may bo very

materially augmented, both on account of the possibility of handling

relatively larger numbers of milch cows and also of the greater returns

that may be secured from each animal. This is of special significance

in the older, more thickly settled portions of the country, as is also

the fact that the keeping of this increased number of stock insures

more manure for the land. This last is in itself an item of great

importance in the maintenance of the fertility of the farm, and, taken

in connection with the direct beneficial effects upon the soil of many
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of the crops grown for soiling and ensiling, is a most substantial

argument in favor of giving these crops a regular place in plans of

crop rotations.

Another point in favor of the growing of these supplementary for-

age crops is the fact that the general health of farm stock maybe
kept in better condition, especially in winter, by the judicious use of

succulent forage, which serves as an appetizer and promotes the

digest ion generally.

WTH OF THE PRACTICE OP SOILING IN THE UNITED STATES.

In 1S21 Thomas Massey, of Delaware, advocated soiling for the

dairy, and urged the great value of corn as a forage crop. 1 In the

same year a system of soiling was recommended by a prominent agri-

culturist, with the following crops in the order mentioned: (1) Grass,

including clover; (2) oats; (3) indian corn; (4) cabbage, with the

addition of turnip tops and trimmings from other root crops. 2 Other

writers of this period speak of the value of corn for this purpose, and

fnmi the time that tin- Government first began to issue reports on the

various crops grown in this country it has been regarded as the most

important fodder crop. The reports for the early forties contain

many references to its use for soiling as well as for cured fodder.

Soiling seems to have been quite general about this time in the East-

ern and Southern States, but in the then Western States of Ohio,

Indiana, and Michigan it was said that "the pastures were too exten-

sive for much to be done in soiling," although "corn was regarded as

the best crop for this purpose." In Massachusetts and New York,

where the dairying industry was largely followed, soiling was quite

favorably regarded and its practice urged by the more advanced

dairymen. In addition to corn, other crops, such as peas and oats,

were grown, especially in Maine, where, according to the reports for

the late forties and early fifties, the produetion of live stock and for-

age crops were matters of great commercial importance.

There has been but very little complete soiling practiced in the

United States. Occasionally, where the acreage of land is limited, as

may be the case in the immediate vicinity of the larger cities and

towns, it has been found expedient to keep the animals confined in

summer as well as winter and to supply green feed in the form of

soiling crops. The general practice has been, however, to combine

soiling with pasturing, using the former in a supplementary way only,

the animals being allowed to run on the pasture a part of the time

and receiving in addition a sufficient amount of freskl3r cut forage to

keep them in proper condition.

One objection early urged against soiling was that the animals were

not allowed sufficient exercise when complete soiling was practiced

1 American Farmer, May 25, 1S21.
2 Ibid., Juiy20, 1821.
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and that their health was injuriously affected to a greater or less

extent. On this account the system followed most generally in the

United States is to be preferred. Complete soiling has been urged

by some on the ground that under partial soiling stock is likely to

become restless in the pasture in attempts to get at the soiling crops.

This difficulty may be avoided, as a rule, by growing the crops at a

distance from the pasture and feeding onty in the barn or yard.

TEMPORARY PASTURES.

Too little place is given to temporary pastures on the average Amer-
ican farm, but one effect of the recent periods of drought has been

to turn attention more strongly to this method of producing forage.

Often it is much more profitable to furnish stock with succulent food

in this way than by soiling, the extra labor and expense of cutting the

crop and hauling or carrying it to the feeding place being saved. It

is not always possible to keep sufficient help on the farm to attend to

the work of soiling properly, but by the use of the temporary or

annual pasture the stock may be supplied with the desired feed and

the permanent pastures brought safely through a droughty season,

because of the lessened drain on their resources. True, this may not

be the most economical manner of feeding succulent forage, owing to

the waste from the trampling of the animals, but it is much better

than keeping the stock on overgrazed pastures, both as regards the con-

dition of the animals and the future productiveness of the pastures.

In certain parts of the country, notably in the Middle West and

some sections of the South, this practice of sowing supplementary

pastures has become much more common than formerly, partly because

of the effect of drought on the yields of forage from the permanent

meadows and pastures and partly through the increased demand for

succulent feed arising from the growing interest in dairying and the

increase of stock on farms heretofore largely devoted to the raising of

cotton and grain.

In the main, the crops that are grown for soiling can be also used in

these supplementary pastures, but there are certain varieties which

are best adapted for this purpose. Among such may be mentioned

rye, turf oats, sorghum, rape, vetches, field peas, millet, beggar weed,

and bur clover.

HISTORY OF THE PRACTICE OF ENSILAGE.

PIONEER ATTEMPTS AT PRESERVING FORAGE IN SILOS.

The first recorded American silo for the storage of fodder was built

in 1875 by Dr. Manly Miles, who says he was led to make the experi-

ment through the favorable reports made by farmers practicing this

method of preserving corn and other forage crops in France. He
used four small silos, two of which were filled with corn and two with
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the heads of broom corn. The results were most satisfactory, and

Dr. Miles published an account of his experiments the following

year. 1

In 1876 attempts at preserving forage in silos were made by Messrs.

Francis Morris, of Maryland, and C. W. Mills, of New Jersey.

The results of Mr. Morris's trial were published the following year,

and those of Mr. Mills in the Journal of the American Agricultural

Association for 1881. Others followed in the footsteps of these pio-

neers, some with success and others with failure, and the subject was

much discussed in the various farm journals. Occasional notices

regarding this method of preserving forage had appeared in American

journals as early as ls7.'5, but all related to European practices. A
great deal was added to the interest exhibited by American farmers

through the translation of a French book on the subject, in which

M. August Goffart described the method of ensilage followed by him-

self and others in France. It is interesting to note that while the

work of M. Goffart undoubtedly had much to do with the spread of

this practice in the United States, it was a German, llerr Adolph

Reihlen, who first demonstrated the great value of corn as an ensilage

crop. His experiments were carried on in the early sixties, and as a

result the ensilage of corn was soon practiced in both Germany and

France.

One of the most effective agents in advancing the claims of the silo

was the ensilage congress first held in New York City in 1882, in

which two days were devoted to the discussion of this method of pre-

serving forage. The consensus of opinion at that time was expressed

in the resolution, unanimously adopted by the congress, "that it has

become a well-established fact by six years 1

successful use in this

country, and by the concurrent testimony of man}' intelligent farmers,

that the ensilage system is of great advantage to the farming interest

ami to all mankind.*'

The progress of this system of preserving forage was no doubt much
hindered by the extravagant statements made by some of its early advo-

cates. Practical farmers hesitated to adopt it because of the visionary

character of these claims. However, the advocacy of Dr. Miles, Gov-
ernors Price ami Smith, and Messrs. Morris, Mills, Sprague, Brown,
and other men prominent as scientific and practical farmers was
proof conclusive that there were advantages to be gained by the ensi-

lage of certain forage crops. Here and there enterprising farmers and
dairymen began to build silos, and gradually the practice was accorded

a permanent place in American agriculture. Seven years after Dr.

Miles made his first experiments a report was published by the Com-
missioner of Agriculture giving the results of the experience of ninety-

one farmers and stockmen in different sections of the country, and
while these included by no means all the silos that were built at that

1 Country Gentleman, October G, 1S76.
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time, the report is undoubtedly fairly representative of the practice

of ensilage throughout the country as a whole. More than half the

reports came from Massachusetts and Xew York, and only a dozen
from the States west of New York and south of New Jersey. Some
idea of the rapid development of the use of the silo may be gained

from the fact that in the report of 1882 but three were recorded from
Wisconsin, while in 1896, according to Mr. C. P. Goodrich, 1 "in the

town of Lake Mills, Jefferson County, Wis., which contains but thirty

four sections of land, there are not far from seventy silos, and the use

of not one of them has been discontinued, but more are going up,'
5

It is noticeable that from the first the silo has been most generally

used in sections where the dairying industry is paramount.

CONSTRUCTION OF SILOS AND TREATMENT OF CONTENTS.

It is interesting to note that in the United States the development,

both as to the construction of the silo and the treatment of the con-

tents, has been along lines of greater simplicity. The expensive

structures of masonry, built by most of the earlier advocates of this

method and patterned after the silos of M. Goffart and other European
farmers, have given place to those of wood, which are at once cheaper

and more easily built, while wooden walls are less conductive of heat

and cold.

The early practice of placing heavy weights on the material in the

silo in order to press it down and exclude the air, and which was
thought to be very necessary to the preservation of the forage, was
pretty generally abandoned some years ago, as it was found that the

forage kept quite as well without such pressure. It was also thought

to be of the greatest importance that the filling of the silo should be

rapidly done. Dr. Miles was the first to combat this idea, arguing

that "with slow filling, without treading down the fodder, the tem-

perature of the mass would rise to a point that is fatal to the bacteria

that cause acid fermentation and that sweet ensilage " would result.

This view was soon found to be upheld by experiment, and for ten

years or more it has been generally accepted that rapid filling is

unnecessary, many farmers maintaining that the best quality of sweet

ensilage is made by slow filling. Another early idea was that the

fodder should be firmly packed as it was put into the silo, but it lias

been found by experience that all that is really necessary is to keep

the surface leveled off and perhaps to tramp the fodder down a little

along the edges near the walls of the silo.

In order that the temperature of the whole mass may be kept as

uniform as possible, it is a common practice to delay the leveling off

of the fodder put in one day until the temperature has risen to the

proper degree when the hot material is leveled off, being well packed

1 Report Kansas State Board of Agriculture, third quarter, 1S9G, p. 116.
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Fig. 1.—A Round Silo Attached to Dairy Barn on Farm of South Dakota Agri-
cultural College, Showing Method of Filling.

Fig. 2.—America's Best Fodder Crop (Field of Corn Grown near
Washington, D. C).
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at the edges, and fresh fodder is added at once. This maintains a

higher temperature in the outer i^ortions of the mass and results in

silage of a more uniform quality. The former practice was to cover

the fodder with planks or boards, which were deemed necessary to

keep the silage from spoiling at the top. This covering of boards was
discarded, however, soon after it was learned that heavy weighting

was unnecessary, and a covering of straw, chaff, grass, or uncut corn-

stalks was substituted. Nowadays the covering is often omitted

entirely, but it is generally considered the best practice to cover with

straw, chaff, or grass, since a few inches on top will mold and spoil

anyway, forming a practically air-tight covering, and the addition of

the straw or other material saves this loss in silage.

At first silos were either square or rectangular, but more or less

difficulty was experienced from 1 lie spoiling of the silage at the corners,

and it was also difficult to make the high wooden silo strong enough
to resist the lateral pressure of the mass of silage. This led to the

building of the circular silo (PI. LIX, fig. 1), which form is generally

preferred at the present time. There are no corners in such a silo,

and a much stronger structure can bo made with less building mate-

rial than in the square or rectangular type. Moreover, the capacity

of the round silo is greater iu proportion to the wall space. It is the

present practice when building a square or rectangular silo to board

up or otherwise cut off the corners, thus lessening the danger of loss

of silage. Metal linings for the inside of wooden silos have been

tried, but with poor success, usually proving less durable than wood.

Recently steel siding has been used in place of wood for the outer

part of the wall of the silo, and it is said to compare favorably with

lumber as to cost.

The first silos built in the United States were "pit silos," and these

arc still sometimes made, but aside from their cheapness they have

no advantage of consequence over those built on top of the ground.

A serious objection to them lies in the difficult}^ in feeding the silage

from them. On side-hill situations they can sometimes be used advan-

tageously. It is often possible to build the silo partly below and

partly above ground, materially lessening the cost, but retaining the

advantages of the above-ground silo.

The desirability of silage as a food for farm animals during the

winter and also in times of drought has led to many attempts to con-

struct cheap silos, especially in sections where building materials are

high. One of the most satisfactory of these cheap structures is known
as the "stave silo." It is built much as a round tank, but is without

top or bottom other than the soil, and is composed of 2-inch lumber

of varying width held together by hoops of one-half inch iron, with

suitable blocks for tightening. When filled a temporary roof may be

placed on the silo, or straw or grass may be spread over the silage.

A still simpler and more inexpensive method of preserving fodder
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fresh from the field is practiced in some sections, notably in Texas
and elsewhere in the Southwest. This is by means of the "stack
silo." The freshly cut forage (sorghum is usually used) is drawn
into compactly built stacks, generally topped with grass, and carefully

raked down and heavily weighted. The forage undergoes fermenta-

tion and is said to be of good quality, Avhile the loss from molding is

seldom very great, being confined to the surface.

VALUE OF ENSILAGE AS A FOOD FOR STOCK.

The value of silage as a food for all kinds of farm stock is now
pretty generally recognized. It is seldom fed entirely alone, but usu-

ally in connection with a small amount of hay and grain. In the case

of horses, it is generally conceded that silage should form but a part

of the ration, especially when the animals are doing hard work. On
dairy farms silage holds a particularly important place, but even here

it has had to win its way against strong opposition. Although it was
early admitted that this forage when properly fed materially increased

the flow of milk and exerted a beneficial influence on the health of

dairy cattle, many dairymen refrained from using it because it was
said to taint the milk and butter. This has been shown to be largely

erroneous, at least so far as silage of good quality is concerned, and
in any event may be avoided by feeding the cows only after milking.

It has been shown by experience that the cost of milk and butter can

be materially reduced by the judicious use of good silage.

In summing up the advantages of silage under the system of agri-

culture prevailing throughout the greater part of the United States at

the present time, it may be confidently maintained that with no other

method can so much forage that is so palatable and of such feeding

value be secured, be so safely harvested, stored so economically, and
fed with so little waste. The silo is certainly a most valuable adjunct

of intensive farming, may almost be regarded as a necessity on any
well-ordered stock or dairy farm, is a safeguard in times of drought

as Avell as in excessively wet seasons; its use is by no means neces-

sarily confined to the wealthier farmers, but is spreading rapidly in

all sections of the country where the acreage of land is limited or

where succulent forage is needed during the winter months.

THE BEST CROPS FOR SUCCULENT FORAGE.

Corn (PI. LIX, fig. 2), the most valuable crop of our forefathers,

earty assumed an important place as a forage crop, not without some
opposition, however, for it is said that the idea of sowing it for fodder

was at first ridiculed. 1 As early as the second decade of the century

1 Flint: Grasses and Forage Crops, p. 154, fifth edition.
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this crop is mentioned as a most valuable one for soiling, and from

the first introduction of the practice it has been regarded as the best

to grow for this purpose.

It was early observed that certain varieties of corn were more

adapted to use for soiling and fodder than others. These have been

improved and increased by selection and crossing until at the present

time there is a long list of varieties, some of which are suitable for

soiling and ensiling in an}' part of the United States.

Two points have been kept in mind by those endeavoring to develop

the varieties of fodder corn, namely, the desirability of varieties with

a long season of utility and producing heavy yields of foliage rather

than of grain. Thus, we have the various "evergreen" varieties, which

remain in condition suitable for feeding for a relatively long period,

and other varieties, which give exceptionally large amounts of forage.

These last are especially valuable for ensilage. By the use of a judi-

cious selection of early and late varieties, and planting at proper sea-

sons, it is now possible to have plenty of green corn for soiling for a

large part of the summer and autumn in most parts of the United

States.
CLOVER AND OTHER LEGUMES.

As the need of succulent forage became more generally recognized,

it was found desirable to grow several crops for use each season in

order that a succession of fresh forage would be assured. It was also

found that a better quality of forage might be secured by selecting a

suitable variety of crops to be grown in this way. Among the more
important crops used fortius purpose, in addition to corn in the early

part of the century, were field peas, usually grown with oats or other

small grain, clover, cowpeas, rye; and, a little later, millet, sorghum

and other crops came into use.

Clover.—Red clover was grown in Rhode Island as early as 1750.

John Bartram is said to have grown it on his place near Philadelphia,

Pa., prior to Revolutionary times, and, according to Darlington, it

was introduced into general cultivation in Chester County, Pa.,

during the last decade of the eighteenth century. Suffolk County,

N. Y., was an early center for the cultivation of this crop, and con-

siderable seed is said to have been exported from there. Red clover

was included in nearly all lists of crops desirable for meadows, and
its use for soiling seems to have been quite general in the North

during the early part of the present century. It did not win its way
unchallenged, however. A writer from Indiana, in the United States

Patent Office Report for 1849, speaks of the strong prejudice against

clover prevailing in his section on account of frequent deaths among
cattle when first turned on it, and because worms destroyed corn

following the clover. Its value as a soiling crop was early recognized,

however, and it is still to be regarded as one of the best perennial

crops available for this purpose, as well as for use in the silo.
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Mammoth, or sapling, clover is frequently grown and used in the

same way as red clover, and in some sections, especially where the

soil is wet and heavy, alsike replaces both of these.

Cowpea.—In the South the cowpea early assumed the place occu-

pied by clover in the North. A writer in 1821 recommended the cul-

tivation of this crop for forage and soil renovation, 1 and there are

references to its use for these purposes at least as early as 1815.

Many writers for the United States Patent Office reports and farm

journals during the second quarter of the century speak of the great

value of the cowpea (several varieties of which were grown chiefly

under the name of black-eyed peas) in the South. A writer from

Louisiana says, in the United States Patent Office Report for 1849,

that the cowpea ranks next to corn in importance to the sugar

planter, both for its value for forage and as a soil renovator,

while another from Tennessee calls it "perhaps the most valuable

crop in the South." Although it was more often made into hay or

the crop fed off on the ground, it was also often used for soiling, and

in recent years is frequently made into silage, being generally regarded

as next in value to corn and sorghum for this purpose in the South.

It is used to best advantage in connection with corn as a mixed silage.

During recent years many new varieties of cowpeas have been devel-

oped, some of them, because of their season of maturity and upright

habit of growth, admirably adapted for soiling and ensilage.

Field pea.—One of the first leguminous crops to be grown in the

United States for succulent forage was the field pea. For many years

the cultivation of this crop was confined largely to the New England

States, but of recent years it has received more attention and is now
quite generally grown in the Northern United States, where it is

deservedly popular not only as a succulent forage but also as a hay

crop. There are a great many varieties now on the market, varying

widely as to hardiness, date of maturity, and yield. The seed is

usually sown writh some of the small grains, chiefly oats, the mixture

containing about equal quantities of peas and grain. The crop is,

perhaps, most commonly used for soiling, but is equally valuable for

pasturage and silage. The combination makes a forage of high feed-

ing value and palatability, and the yield is usually good.

Alfalfa.—Another legume of great importance as a soiling crop

is alfalfa, or lucerne. A writer in 1821 regards it as a most valuable

crop for South Carolina, and claims to have grown it for seven years,

with the best of results, securing from six to eight cuttings per year. 1

A New Jersey farmer, writing a few years later (1823), says: "Of all

grasses, it is the most profitable for soiling;" and Judge L. Bnel, of

Albany, N. Y., an authority on such matters, also speaks highly of it

'American Farmer, 1821.
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for this purpose. In fact, in the earlier years of its cultivation in the

United States it seems to have been grown almost exclusively for

soiling. The seed was brought from France, and the French name
"lucerne" was generally used. It was much less widely grown than

red clover, however, until alter the introduction, in the early fifties,

ol the Chilian variety, on the Pacific coast, from whence its cultiva-

tion has spread over the whole United States. Although largely

grown as a hay crop at the present time, it is also much used for soil-

ing. The early season at which it is ready for use in the spring, the

fact that several cuttings may be made each year, and the high feed-

ing value of the forage make it a very desirable crop to grow for this

purpose. The recent introduction of the hardy Turkestan alfalfa by
the Department of Agriculture promises to make this desirable forage

crop available to sections where it could not be grown heretofore on
account of unfavorable climatic conditions.

Soy BEAN.—The soy bean was introduced from Japan in the early

part of the century, but was grown in a desultory way for a long time,

only coining into prominence as a forage crop within comparatively

at years. It was apparently first grown in the botanic garden at

Cambridge, Mass. In 1829 Thomas Nuttail 1 wrote regarding its pos-

sible value for cultivation in the United States, and another writer

tells of its having been grown at Cambridge in 1829 and at Alilton,

Mass., two years later.-' It is now regarded as one of the most valu-

able crops for soiling and ensilage. Careful selection on the part of

those engaged in growing seed for the market has resulted in the

development of early, medium, and late varieties, so that it is now
possible to get a good supply of fresh soy-bean forage for a large part

of the summer and autumn. Although probably less valuable in the

South than the cowpea, it has a more extended northern range, and
hence serves as an intermediate between that crop and clover.

Vetches.—Of the vetches, common and sand (or hairy vetch) are

the only sorts that have been grown to any extent in this country, and
these, while grown and used in essentially the same way, have been
by no means as commonly cultivated as field peas. Common vetch
seems to have been first introduced, and both spring and winter varie-

ties were grown as early as 1820, principally under the name of tares.

Several writers in the farm journals published in the early twenties

speak of their value for soiling and supplementary pasturage, and in

some sections large fields were devoted to the cultivation of these

legumes. One farmer speaks of growing 30 acres of tares annually.

Sand, or hairy vetch, is of much more recent introduction, and is, if

anything, better adapted to general culture throughout the United
States than the common vetch.

1 New England Farmer, October 2'3. 1829.
2 Farmers" Cabinet, October 15, 1S47.
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Crimson clover.—Crimson clover is one of the most valuable leg-

umes grown in the Middle Atlantic States. It was introduced from

Italy in 1818 by Bedingfield Hands, of Chestertown, Md., and first

grown by him and others to whom he gave seeds. In the first notes

regarding it that appeared in the agricultural journals it is called

Italian clover, but this name was soon supplanted by the one now in

most common use. In 1820 Mr. Hands gave an account of the intro-

duction of this clover and his experiments with it,
1 and still earlier a

Dr. Anderson, to whom Mr. Hands had given seeds, recorded the

results of his trials, speaking enthusiastically regarding the value of

the crop, particularly for green forage. Aside from being one of the

most valuable cover crops and soil fertilizers grown in the Eastern

United States to-day, crimson clover ranks high as a forage crop,

especially where the climatic conditions are such that it can be sown

in the autumn for an early crop the next season. Affording an excel-

lent hay when cut in the right season and properly cured, it is also

extensively used in soiling and for filling the silo, as well as in annual

pastures.

Japan clover.—Japan clover was an accidental introduction from

Japan, as it name indicates, first coming into notice in this country

about 1830. It now occurs quite abundantly in the naturalized state

throughout the greater part of the region south of the Ohio River. It

is, perhaps, most valuable as an annual pasture crop, but is also used

in other ways. Its ability to endure heat and drought and to thrive

on a great variety of soils renders it of much importance as a forage

as well as a soil renovator. It is available as a pasture plant from

May until heavy frost.

Florida beggar weed.—Florida beggar weed has only recently

become of importance as a cultivated crop. It is a native of the West

Indies and quite likely, also, of southern Florida, where it was first

cultivated. The plant is an annual and is well adapted to the light,

sandy soils of portions of the South. Its cultivation is spreadiug

rapidly, and although it has thus far been most commonly grown for

hay, it is also valuable for soiling, pasturage, and ensilage.

Velvet bean.—Another succulent forage crop which has recently

attracted much attention is velvet bean. Its first introduction into

the United States seems to have been through the Department of

Agriculture some thirty years ago. Until within a few years it was

grown solely as an ornamental plant, but proving adapted to the

light, sandy soils of the South, it was taken up as a soil renovator

and forage crop, and is now being grown and used in essentially the

same ways as the cowpea.

'American Farmer, May 1!), 1820.
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Fig. 1.—Japanese Barnyard Millet, Grown at the United States Grass Experi-

ment Station, Walla Walla. Wash.

Fig. 2 —Kafir Corn, Grown in South Dakota.
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Millet was recommended for soiling by various writers in the early

twenties, and its use for this purpose was urged in the United States

Talent Office Report for 1847. Varieties of both foxtail and broom-

corn millets seem to have been included in these early discussions,

although it is difficult, often impossible, to tell just what kind of mil-

let the writer had in mind. At one time Hungarian millet attracted

some attention, but it soon gave way to common millet and German
millet. During recent years several varieties of broom-corn millet

have come into prominence, notably certain sorts introduced from

Japan and Russia. Another millet which has been highly recom-

mended by prominent agriculturists is Japanese barnyard millet

(PL LX, fig. 1), a recent introduction from Japan. Pearl millet can

als,, be used to advantage as a soiling crop, and is perhaps more valu-

able for this purpose than for any other.

soutmrMs.

In some- parts of the United States, especially in the South, sorghum
has. since its fust introduction, been regarded as a valuable soiling

ruder the name of Guinea corn its cultivation for this purpose
was urged by John Lorain in the Memoirs of the Philadelphia Agri-

cultural Society as early as L810, and frequent references to if occur

in farm journals during the succeeding decades. A writer in 1822

speaks of the great value of "Guinea corn" 1 in South Carolina, and
its use as a forage seems to have early become quite general in the

South. Fresh impetus was given to the growing of sorghum by the

importation of new and valuable varieties (especially of the saccha-

rine sorghums) from South Africa, China, and other countries, dur-

ing the early fifties. The value of the saccharine varieties for soiling

was soon recognized, particularly in the South, and this use of them
has spread until it is now quite general wherever soiling is practiced

to any extent. The more recently introduced Kafir corn (PI. LX,
fig. 2) and Jerusalem corn, nonsaccharine varieties, are also much

i in Kansas ami neighboring States, and the growing of these

crops is spreading rapidly, particularly in sections where the dry
weather is liable to interfere with the raising of indian corn. The
sorghums are valuable to grow for ensilage, but are not generally

regarded as equal to corn for this purpose. They may also be used

to advantage in temporary pastures.

OTHER CROPS FOR SOILING, PASTURAGE, OR SILAGE.

Many other crops are available either for soiling, pasturage, or

silage, but their use has not become general, and in many cases their

value is only local on account of their cultivation being limited by

1 American Farmer.
1 A 99 ±0
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soil or climatic conditions. Among such crops may he mentioned
rescue grass, more or less extensively grown in the South for winter

pasturage; rape, quite widely grown in the Northwest in recent years

for soiling and pasturage; bur clover, a valuable annual pasture crop

for the South and Southwest; Guinea grass, grown in the extreme
South and regarded as valuable for soiling; sweet clover, grown to

some extent in the South and West, for soiling and silage; Australian

saltbush, valuable for soiling and pasturage, particularly on alkali

soils in the Southwest.



vVOHK OF THE BREEDER IN IMPROVING LITE STOCK.

By John Clay, Jr.,

Chicago, III.

INTRODUCTION.

The work of the breeder in improving cattle, sheep, and hogs is a

subject (hat can be best considered in detail. Looking back, one -

a wide trail, with numerous bypaths deviating from the main track;

and then looking forward, one sees the fields that are yet unbroken,

ami wonders where will the end be. The work assigned to the writer

is to endeavor to trace and comment on the work of the improving

breeders, the men who by choice or by chance have made our cattle,

sp, and hogs such as they are to-day.

EXTENSION OF THE CATTLE INDUSTRY.

Behind us lies (lie New England shore, beautiful as to scenery, but

wiih rocky hills and narrow glades sparsely grassed. Southward is

New York State, with widening valleys and deeper soil, while still far-

ther south lie Pennsylvania and the Virginias— all the home of s

cattle for many generations. In these sections and in Texas and in

the California valleys was the mother lode of the present cattle busi-

, and following 1 1. came sheep and hogs. But it was not until the

arrival of the era when our agriculture crossed from the origin;;! SI

of the Union to the great valleys of Ohio, Indiana, and Kent i;

the searchlight of improvement was flashed upon the live-stock indus-

try, which has been developing new fields year by year. When
industry reached the prairie a plain of unrivaled richness was exposed.

As blue grass supplanted blue stem, and golden corn supplied winter

food and gave fattening power, then the breeder felt the pulsation of

the coming strife. Look over this land to-da}^ Illinois, the gi

central Stale of the AVest, produces a perfect hog, with sheep still

waiting for the improver's hand, and cattle rapidly climbing the golden

stairs of perfection—by no means at the top as yet, but with aspira

s to be there by and by. The great wave of improvement which

began in the thirties and covered pretty thoroughly the Central West,

was arrested with the war, but swept on again with widening s<

when hostilities had ceased. Down in Texas, the "Longhorns" had

accumulated, and there was a market North, but the quality of the

st i ick was undesirable. Westward, under the shadows of the Rockies,

scarcely bigger than a man's hand, was a bovine cloud silver lined.

During war times Iliff was in Colorado, Kohrs had tested Montana.
627
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There was a glamor in free grass, and, at a time when our beef and
mutton supply needed great extension, the ranchman sprang up with
his herds and flocks on every creek. His advent had a vast influence

and gave a great stimulus to the breeding of fine stock. The cattle

man wanted bulls and the sheep man wanted rams, by the wholesale.

True it is, that the demand was erratic, but when it came it was a
perfect flood. We had it in the early eighties, and now it is with us
again. Geographically speaking, the wave of improvement has been
westward. To-day it is working strongly in the Southwest and inter-

mountain regions. Texas is drawing heavily on our best cattle blood.

The valleys of the Rockies are importing bulls and raising alfalfa,

while the Northwestern States are taking both rams and bulls by the

car load. But the cattle man is more aggressive in this line than his

brother stockman. On the Pacific coast much has been done in the

way of improvement, but there progress is often retarded by droughts,

distance from market, and low prices. Some of the California herds

show wonderful breeding. For many years past, with all the herds

in pastures, the opportunities for development have been excellent,

and as a consequence the cattle in that State are of high grade, most
of them strong in Shorthorn blood, which has been freely imported

in years past and industriously nursed and multiplied.

SOME OF THE DIFFICULTIES OF EARLY CATTLE BREEDERS.

The United States and Canada (for the latter is so intimately

related to tin's country in the way of improving live stock that it

must be included in the forward movement) are countries of mag-
nificent distances, and while, of course, we have had the railroads,

si ill the foundation of the work of improvement was laid so long before

the iron horse came into action that it is almost impossible to estimate

bhe geographical difficulties of our earlier breeders. In England a

good day's journey on horseback took Bates or Booth or Bakewell to

almost any point he had to reach, but the men of Ohio, when they

went forth to search for blue blood, had to cover vast territory, cross

great rivers and lofty mountain ranges, and ferry an ocean that- knew
not the whirr of the screw and was but hearing the echo of the side-

wheeler. Only great faith and indomitable perseverance surmounted
these geographical obstacles, and the knowledge that the country was

far behind the times in meat and milk producing was an incentive to

action, for in those men's minds there was undoubtedly a glimmering

of the future.

REVIEW OF CONDITIONS.

NEED OF MORE AND BETTER MEAT.

However congenial the work of the breeders may be to them per-

sonally, collectively there has been an enormous influence behind

them in the incentive for improvement. The cry of the country has
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been for more meat and better meat. We need more and better hams
and bacon; we still lack in both quantity and quality in our mutton,

while in beef there seems to be a tremendous pressure for the better

qualities. While our cattle statistics may show a decline in numbers
of some classes of cattle, still much is made up by the system of early

maturity. The two-year-old has taken the place of the three-year-old

on the block. To estimate the actual difference in production would
be a perpetual-motion problem and one that could only be approxi-

mated, but it is patent to everyone that decrease in numbers has

been largely offset by forcing methods. We have a fair number of

medium cattle. It is the prime bullock that is being called for. The
unfortunate lethargy of the ordinary breeder during the decade pre-

vious to L896 in refusing to use better blood is reflected in both cattle

and sheep.

CATTLE AND SHEEP INDUSTRIES COMPARED.

After the boom in eattlo prices, from 1882 bo 1884, we underwent a

period of depression that drove the average breeder of fine stock

almost out of the market. The depletion of our pure-bred herds was
heartbreaking. Once before, during the civil war, we experienced a

similar condition, but with good reason. Here we were in the piping

times of peace, with the country prosperous, with a spirited demand
for our meats, and yet in some years the great bulk of the well-bred

bulls had to he steered. In a similar but far less extravagant degree

the breeder of line sheep suffered. The sheep business is always more
uncertain than the cattle trade: more subject to sharp fluctuations;

more susceptible to political and commercial conditions; it depends
upon wool and mutton, the former an uncertain quantity in the

world's markets, and a political football. The lib- of the sheep raiser

is a sort of seesaw; now he has the high-growing plum of success and
profit within Ins grasp and now he is down; down on the hard ground
of failure and loss. One year he is Sisyphus, striving hard to push
his great stone up hill; the next a veritable Jason, who has found the

goiden ii<'cc<'. Wool goes up, then follows the sacrifice of mutton.

Wool declines, but it is not certain that mutton will improve in quality

or price, nor have we had in this branch of the tra.de that steady for-

eign demand that has characterized our beef, bacon, and cheese trade.

Then there are enigmas in the sheep trade past all understanding,

and disheartening to the improving breeder. When a New Mexico
lamb, hairy, half goat in form, but with a clean-cut, fine face, that

equals the profile of the Cheviot, sells as high as the best Southdown
or Shropshire, our ideas of breeding get a shock. But withal there is

a tendency to push vigorously the development of our flocks. There
is a disposition to follow the middle course, to cultivate wool, but not

sacrifice mutton, and vice versa. Unlike the cattle trade, our great

source of sheep supply is the open range. Gradually the days of

cattle grazing on free grass are being numbered. The lights that
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were kindled in early days in Texas and burned brightly in Colo-

rado, Wyoming', Montana, and other Western States from 1865 to

1895 are getting dim and will soon be but a reflection in the bovine

sky. Against this come increasing flocks on the cattle ranges. We
are, so to speak, in a transition state, so far as our flocks are con-

cerned. With low prices for wool, and our sheep unable to compete

in a mutton line against our beef and hog products, the small raiser of

sheep in such States as Ohio and Indiana was driven out of the field.

On free grass they could be produced cheaply, and the fed Western

wether—raised, say, in Wyoming and finished on Nebraska corn

—

could bo placed on the market at a figure far below the cost of the

same animal in the granger States. In a milder form we had a similar

experience in cattle. When the ranchman found out the value of the

grass on the arid regions, and was not overstocked, he raised a steer

for a comparative trifle, and the men on the high-priced lands of the

Eastern and Central States found a new competitor, who cut into their

profits. But that era is coming to a close. The free grazing lands,

or, at least, the watered portions, are being preempted in one way and

another, so that the cost of producing a steer in the West varies but

little from that of growing one in the East, when the cost of transpor-

tation to market and other incidentals are considered. The breeding

of cattle on free grass is practically a thing of the past. A few large

herds remain, but in another decade they will have gone. The free

grass of the West will be cropped by cattle that are fed in fields in the

v» inter, by steers imported from other parts of the country, but the

lion's share will go to our vast flocks of sheep that have found a nat-

ural home in the valleys and divides of the Western and intermountain

States. But the day is coming to sheep, as well as to cattle, when free

grass will not be enough. As their numbers augment, and they crowd

one upon another, cropping the wild grass more closely and killing its

productive power, winter feed will have to be supplied, and the cost

of production will be materially increased. Then will come with them,

as it has with cattle, more attention to breeding.

SECTIONS WHERE GREATEST IMPROVEMENT IS SEEN.

There is no place where demand stimulating supply has had greater

effect than among the pasture herds of the West and Texas, especially

the latter State at present. If you want a supply of good feeders in

large numbers, where do you go? To the Panhandle of Texas, the

valleys of Colorado, or the wind-swept divides of Wyoming, and you

find there the material that tops the market. Of course, there are

tary lots of native-bred steers that are better, but if any large

number of first-class young feeders is needed you must look beyond

the Missouri. Why? Because those cattle men neither slumbered

nor slept. They were buying blood, and that blood crossed on the

already improved Texan or Western cow gave us the steer that fitted
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the feed lot. When the farmer of the East and Central West could

have secured the means in the shape of a good bull at no greater eost

i, he used a scrub, and the result is seen in our central mar-

Native steers have deteriorated, Westerns improved. Not the

ranchman who breeds by hundreds has led the van, but it is the smal

der in the valleys or by the streams in the West who has made
the most rapid progress. As in cattle, so in sheep. The writer exp<

>e smaller flocks in the West, more attention to winter feeding,

and consequently less loss. Then will come the day when the flc

lie pure-blood breeder will be drawn upon heavily ami undoubted!}

illy, although, from the peculiarities of this trade, it is by

.as so certain that the results will be as far-reaching in this bra

of our live-sioek trade as in the beef-making line, and incidentally,

of course, in our dairy produi

INFLUENCE OF FOREIGN DEMAND.

Undoubtedly, the foreign demand has been the greatest incentive

to improvement. It developed years ago in the inquiry for our hog

products, an issue we were able successfully to meet. In our sheep

exports we are still away below the European standard. True, we
scad large numbers of sheep to Great Britain, but they fill a third

rate place. Thus far blood has not been used effectively in this line,

bul it will come. It is with cattle that we are at present reaping lie

be-i results of well-sown seed. We go to the parent country; buy in

deen their best Shorthorns and Angus cattle; from Hereford and

other parts of England we import the best White-faced blood. Stream-

ing through our native pure-bred herds it reaches in diluted form

feed-yard steers, and then it returns across the ocean, giving I

reciprocity of trade which England cultivates so generously.

Twenty-five years ago I c >ss an Illinois farm. The original

owner had " trekked" from Kentucky. He built wisely and well, and

his sons were reaping the benefit. There was blue grass in profusion

divided into generous inclosures by osage-orange fences, and the line

buildings were shaded by oaks and black walnuts—a heritage for any

prince. On the pastures were 1,000 cattle, not extra in quality, but

rough beef. They needed still the varnish that comes from corn.

" We want these in England and we must have them," was my remark.

Think of it; a quarter of a century ago we had not, commercially

king, sent a live bullock across the Atlantic, but since then end=

numbers, both dead and alive, have found their way to Europe-

The Europeans do not get our best cattle because New York and
ton still claim these, but the exporter buys a grade close to the

top. He wants nothing else. This influence on the market has been
far-reaching and all-powerful when we come to gauge quality. Our
foreign demand is here to stay, and it is a most important factor in

our commerce. It can be helped mightily by the breeders of both
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classes—those who raise the bulls and those who raise the steers. It

is a fertile held, boundless in its size, and it is ready to be cultivated.

It is a mine from which we can dig more gold than from all the real

mines put together. It gives labor and means of support to hundreds
of thousands of our farmers, and that means happiness, individual
and national. One of the wellsprings of our prosperity rises in our
export trade, and among its various branches our live-stock products
form no mean proportion, for in our annual shipments across the
Atlantic we estiinate our cattle and sheep in the hundreds of thou-

sands, and our dressed products in millions of pounds. Our live-

cat lie exports alone last year exceeded in value $30,000,000, while our
meats and dairy products had an aggregate value of 1180,000,000,

a seventh of the total value placed upon our exports of domestic
merchandise in the calendar year 1899.

IMPORTATIONS.

THE THREE LEADING BEEF BREEDS.

It will not be a serious digression to give here a bit of historical

matter as leading up to present conditions and showing some of the

efforts exerted to improve our live-stock blood. The bovine aborigi-

nes of this country were of Spanish origin. Early in the seventeenth

century Dutch settlers in New York introduced cattle from their

mother country. A little later Sweden sent over a consignment to

some of her sons and daughters. Several importations from Denmark
were made about the same time, and the British Isles furnished their

quota also. These cattle were imported for practical purposes (food

and work), and the questions of breed or race did not enter very

largely into the consideration. From such mixed ancestry our so-called

"native" cattle sprang into existence. As immigration increased

and as our pioneers forced their way through the "forests primeval"
toward the Allegheny, toward the Ohio, and toward the Mississippi,

our bovine stocks increased materially in numbers, but became essen-

tially of more and more mixed breeding. Importations were largest

from Great Britain, and the predominating strain in the conglomera-

tion was British. Not until the dawn of the nineteenth century, in

fact not until the century was sixteen or seventeen years old, were
there any notable importations of "improving cattle." The years

1810 and 1817 are notable for the importation of numerous Short horns,

Hereford, and Devon individuals, Kentucky getting 'the choicest

specimens of the two former breeds. Lewis Sanders and Henry Clay

were the first importers of Shorthorns and Herefords, respectively,

into the blue-grass regions of that State, [t was in 1834 that Short-

horn importations began in right good earnest, with the formation of

the Scioto Valley Association in Ohio. Purchases were made almost

regardless of prices asked, but the animals and their progeny found
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ready sale among the then extensive breeders and graziers of Ohio.

The Clays and others made important importations into Kentucky in

the years 1837, 1838, and 1839. In the last-named year Dates blood

found its way from Kirklevington to New York. In 1853, at the

Lord Ducie's dispersion sales of Dates and other strains, Americans
purchased freely, particularly of Oxfords and Duchesses. Ohio and
Kentucky received very notable importations, and in these States

were established some of our now most historical herds. American
investments in connection with Shorthorns exceeded those in con-

nection with all other breeds combined. Famous in our Hereford

history is the importation of 1840, the bulk of which became the

property of Mr. Corning, of Albany, X. Y. It was not until many
years later, however, thai importations were.onany large scale. The
last few years have seen decreased importations of White-faces as of

other breeds, because of Hie era of comparatively low prices and
unprofitable breeding operations through which we have just pas.- d.

The remarkable demand from the range country for Hereford breed-

ing stock has given an i m tnc n -.<
' stimulus to the Hereford industry.

Their adaptability to range conditions has established their reputa-

tion as " incomparables " in that respect, and the most notable pur-

chases of the past few years have gone to Texas and the northern

ranges. Angus cattle came in the severities, and their preeminence
in the feed lot and apon the butcher's block is the result of careful

breeding and good management. Their character tits them for the

climate of Illinois or [owa, but they do not, as a rule, possess enough
hardiness or "rustling" qualifications to be a success on the open
range. This brief resume of our three leading beef breeds may con-

vey some idea of the efforts pul forth to better our bovine stocks. The
general effects have already been noted.

Our earliest ovine stocks were, as with cattle, of Spanish blood.

"Wool was the primal consideration, and the Merino filled the bill com-
pletely. When mutton became more of a factor we got the South-
down and the Shropshire, the Cotswold and the Lincoln, combining
both these most important commercial items.

IMPROVEMENT IX BOTH CATTLE AXD SHEEP.

In both cattle and sheep We have had the material for foundations

secure enough to support any superstructure, but in too many cases

we have builded unwisely, or have suffered from adverse causes that

could not apparently be combated. To-day, however, we may mark
improvement, and two of the strongest reasons for this are the won-
derful demand among our ranchmen for good bulls and good rams
and the excellent demand from abroad for our products, bovine,

ovine, and porcine, reference to which has already been made.
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PEDIGREE.

What is pedigree? A mass of hieroglyphics to the ordinary mortal,

a sweet morsel for the expert to roll off his tongue when walking

through a herd. "Full of Duchess," "full of Anxiety or Wilton,"

"full of Blackbird blood," is the too often repeated song of the cham-
pions of the Shorthorn, Hereford, and Angus breeds. Pedigree, in

the language of the poet, is the "claims of long descent." The dic-

tionary adds "lineage," but in the animal world it means the way to

uniformity. How long pedigree has been practiced we know not, but

undoubtedly it was in vogue long before we heard of it in print.

Certain it is that on the borders of England and Scotland, among the

Cheviot hills, it was unwittingly resorted to generations ago, but so

far as practical and general purposes are concerned its historic

exponents were in sheep, Bakewell; in cattle, Bates and Booth. These
men built a strong foundation. They grafted stock on hardy roots.

Another question often arises in our minds, Would they have followed

their system to the disasters that overwhelmed their successors? It

is scarcely worth discussing except from the sentimental side. My
own idea is that these masters in the art of blending blood would
have seen the rocks ahead and veered the ship.

NEW ERA IN BREEDING.

With the use of pedigree in its conservative and carefully considered

way we entered a new era in the history of breeding. The soil had
long been ready, but the plow and the guiding hand were wanting.

They came, they saw, they conquered. In groping about and testing

the new fad, as it was called, individual merit was never forgotten.

It was the keystone of the arch on which the paper pedigree

built. Bakewell's instinct, Bates's keen scent for the good animal, laid

the great fabric of line breeding more strictly than pedigree on a wise

and, to them, seemingly impregnable foundation.

The American breeders, casting around for better blood than was at

hand, were not slow to recognize and utilize this new invention, if we
may so call it. Importations were made, the history of which in detail

it is not within our province to recount. Their influence was wonder-

ful, but much of the good blood while coursing through the veins of

the common cattle in the districts where good luck had taken it, was
h»st in hopeless contamination in the backwoods scrub. But much
also remained, and was eventually concentrated in Kentucky, the beau
ideal spot of the States, so far as the bovine race is concerned. The
vicissil udes of the breeder of fine stock were many. Commerce ebbed
end flowed; panics came, and war spread over the land, but amid all,

.pure blood was cared for, nursed, and nurtured.

SPECULATION IN PEDIGREE.

It was Qot until some years after the war that speculation in pedi-

gree, which had been inoculating the system of the American breeder
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of Shorthorns for main* years, reached flood tide. Its zenith was
attained at the New York Mills sale in 1873. Nothing in the history

of Shorthorns (and sympathetically in other beef breeds) ever did

more barm than the above sale. It is often referred to with pride,

but it was the culmination of a vicious system, the exploding of the

oon, whose inflation had been a gaseons mixture of p
individual merit and " no surrender " of ideas once fixed. By s

people this would probably be named fashion. Fashion has its v

and it takes a superhuman effort to stem the tide. You \.

(and we speak now almost exclusively of Shorthorns, the other b

ds not appearing at that time in any large "number), and what
was the result? A good cow, heifer, or bull, excellent in individual

merit, and with a stainless pedigree, so far as pure blood went, sold

for a song, whilesome puny, delicate, consumptive-looking bei

a fashionable lineage was bid up to fabulous prices. ' Then the bub
burst, and into the whirlpool went many a stauneh breeder who, car-

ried along with the current, could not escape the vortex. The rebound

from such a blow was detrimental tt> all breeders, but more especially

to those in the Shorthorn trade, and from winch they have but slowly

(though we hope surely) recovered.

The damage done was more indirect than direct. Individual i

ris suffered heavily, but nothing in proportion to the raisers of cattle.

Pedigreed cattle were at a discount, and there being little or no demand,

well-bred calves were made into steers and heifers were sent to the

butcher. In my own case, for a half dozen yearsevery male was steered,

and that in a region where Mood was almost pri To-day

are suffering in our markets for this neglectof pedigree. The breei

i the wind and the raisers reaped the whirlwind.

USE OF PEMOREE.

lit the abuse of pedigree went further. From line breeding it

went on to incestuous breeding. Dates sinned here ami intensified

the heresy. Hundreds fell into the rut. Then came tuberculosis, or

to put it more plainly, consumption. The cry of pure Bates or Booth
was a fearful shadow hanging over the premier tribe of cattle. The
master hands were gone and their disciples failed to carry on the

work. Our American breeders pursued the above course with a deter-

mination worthy of a nobler cause. It spread all over, and, though

Kentucky probably suffered worst, we saw it in every other State and

Canada. Shorthorns have been specially spoken of in this resp<

as the writer's acquaintance with them has been most intimate, but

we know enough of the dairy breeds, more particularly the Jerseys,

to speak of the extraordinary ravages tuberculosis has made in their

ranks. To get impressive power that would supply the block or pail,

sacrifices were made that eventually led to disaster. Tuberculosis

came, and is to-day existent in many of our best herds of cattle, plain
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or pedigreed. Nature exacts the penalty for reversion or disobedience

of her laws. This is the reef our improving breeders must guard

against. We see intensity of blood used with grand effect in sheep,

anion:;' our Lincolns in England, with Border Leicesters in Scotland,

and notably with Cheviots in their native hills; but in cattle we have

had signal failures in Shorthorns and Jerseys. Let our Hereford and

Aberdeen-Angus brethren take warning from the past.

THE BATTLES OF THE BREEDS.

In discussing the work of the breeder and his forward movements

we must refer to tire so-called "Battles of the breeds." These have

been fought over and over again and so repeatedly that the subject is

almost threadbare, so far as the press is concerned. But instead of

deprecating them, we think they should be encouraged. People will

lose their temper both on field and farm, in stall and show yard. The

class of persona] argument that Ave have listened to around a show

ring, often running into abuse and sometimes growing almost into

fisticuffs, should not be encouraged, nor should the jockeying indulged

in by the professional showmen be allowed; but the honest, fair dis-

cussion of merit, either on paper or by practical illustration, should

certainly be given si fair field and no favor. Nothing in our bovine

history can equal the struggle made for place and position by our

Hereford breeders. Their enterprise, their perseverance, and the

magnificence of their methods call forth the highest praise. I would

not like to aver that it equals the individual, efforts of the early

improvers of our cattle in their importation of Shorthorns, but it is

so much more recent and the movement so much larger and so intense

in its results that the history of sixty years ago is dwarfed in our minds.

In the dairy breeds we have had the same experience as with our beef

breeds. The Jerseys were boomed, were advertised, were carried up

to the zenith of their powers, and then came the natural results of

inbreeding and incest. And yet I would be the last to say that great

good was not done m these booms of the past or will not be done in

further eruptions which the future will produce. The world would

he nowhere if we had not the man of progress. You may gallop too

fast, but that is certainly better than never to reach your goal. Let

us survey the subject a little closer, not, so much in a spirit of criti-

cism as to show forth, if possible, in bold relief from the pages of the

pasl some of the mistakes we have made in our live-stock methods of

improvement. Sixty or seventy years ago there was no necessity for

any argument as to i he different breeds of cattle or sheep we imported.

Then the only object was to get blue blood. The breeders of the old

country had shown the way—had blazed a path through the scrub

forest and undergrowth. Every drop of blood was gold to our farmers

and stockmen and eventually to our commerce. Nobody can detract

from \\\o efforts of our early pioneers who imported Shorthorns, the

premier tribe of beef cattle, then and now.



WORK OF THE BREEDER IX IMPROVING LIVE STOCK. 637

No man loves the Shorthorn more than does the writer. Take them
all round, both in the stall and at the pail, and they fill the bill

for the general-purpose animal better than anything else in our

bovine world. Traverse America, traverse Great Britain and Ire-

land, traverse Australia, traverse Argentina, and everywhere you see

Shorthorn eyes peering at you—ten head at least to one of any other

breed. Trace the history of the Shorthorn in America, and you will

find its pages largely made up of fads. It is the same thing with the

Jersey in our milk breeds, but the writer takes up the other side of

the question, because he knows it better. The original importer was
looking to improve our scrub cattle, for the end is beef and butter,

and so the early efforts were in this line. Soon there developed a

spirit that van to fashion, and fashion meant "Pure Bates" and

"No surrender." This fad worked untold harm. Then came the

red craze, which further intensified the misfortunes attending line

breeding and fashionable pedigrees. The virgin fires of "red and

nothing but red " are still kepi burning. You might write and work

forever, but your efforts to extinguish these foolish fires would still

be unavailing. There is nothing of the chameleon in our Shorthorn

breeders. They prefer a paper skinned, hairless red to the sappy

mellow touch of the roan, and to-day the cry is all " Cruickshanks,

Oruickshanks"—a beefy beast, but wanting in activity and hardihood

for our Western world. The breeders of our White-faces and Bla

have followed a different course. To use an expression from one of

our Light operas, they have worked "to make the punishment lit the

crime." Of course, we have our pedigree men among the above
lui eders, because they can not be dispensed with, but forms have not

been sacrificed. The type needed or bred by some master hand in

England is not necessarily the animal wanted on our Western farms,

where semitropical suns pour down their relentless rays, nor does it

follow that a bull (died for an English meadow can be transplanted

with good effect to the prairie or the valleys of the Platte River.

What I say, and I say it without fear of contradiction, is that our

Hereford and Aberdeen-Angus men have tried to meet the require-

ments of our ordinary breeders better than have the Shorthorn men.

They have improved the type to meet the demands of our climate, of

our feed, and the vast distances-thousands of our cattle have to travel

for water. They have met the conditions, not retreated from them.

In the moments of success, which are the lot of our Hereford and
Aberdeen-Angus breeders, it will take steady heads to keep the ship

on a level keel.

The White-faces have taken the range country. The Blacks are

breaking into the breeding districts of the West, slowly, it is true,

on account of the laziness and want of energy of the males; but still

so steady is the improvement (see stock yards records) of these beef

cattle that their onward march can not be stopped. Our dressed
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beef men take these cattle in preference to all others, and my lesson

in life makes me follow the practical in preference to the theoretical.

I have more faith in Armour's scales than in Coate's Ilerdbook, and

tike Blacks on the block are the ideal of the butcher. I saw it in

! land in early days; at Smithfield later, and nearly every day at

the Chicago stock yards since. These facts teach us that the improv-

ing breeder must take lessons from his daily teachers, and in

fight of the feeder for recognition in the final court of appeal in our

central stock yards will he find much that is useful and absolutely

>ssary to his existence in this age of competition. For the above

reasons, stated frankly, the writer believes in the "Battle of the

breeds" being carried on good naturedly at home and abroad.

TYPE.

Type is a wide word in the way it is used by our breeders of live

stock. It has been used and abused, discussed and argued, until one

is almost tired of it, and still no word is to be more used in the days

that are coming. Types of cattle and sheep are going to be located

in America just as thej' are in Great Britain. As you find the Short-

horn and the Ayrshire, the Hereford and the Aberdeen-Angus in their

own peculiar localities, as you find the beautiful, graceful Cheviot on

its native hills only, and the Cotswold on the downs that guard the

era Vale, so the days are coming when, along with improvement,

wo are going to have "types" in different places and localities. See

what a hold the Hereford has taken of the range. He is an ideal

grazer. Some men will tell you solemnly that it is a mere boom that

has sent the producer of the West crazy after the White-faces. On
the surface much has been done in this line, but to find the real rea-

son you must go to the -root of the matter. You must impartially

inquire into the whys and wherefores. We see in this movement a

beginning of types in American cattle at least. The range is appro-

priating the Hereford because he suits the conditions and climate.

He is naturally a grazer, with courage and perseverance, a fine trav-

,
and in many respects more indifferent to climate than any other

beef breed.

But I go a stop further, and say the brooders of pure-blood Here-

fords have improved their cattle so as to meet the views of the men
who use their bulls. Twenty-five years ago what was the Hereford in

America? A coarse-boned, heavy-horned, narrow-hipped beast, with

no twist, deficient in his loin and rough in his forequarters. At that

time the Shorthorn was leading the van in every direction. The Aber

de sn-Angias and Galloways were not in numbers sufficient to compete

with the other trib-s. The progress of the Hereford has been for-

ward, surely and not slowly. The breeders have me! the issue. They
saw the faults of ibrir hreed and started to remedy them. They have

adopted the Shorthorn qualities of tine bones, good ribs and loins,
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fining down the shoulders, grasping at early maturity, and yet pre-

late all the good characteristics of the breed. Have our Short-

horns (still, and I think always to be, the premier breed of both

America and Great Britain) made equal progress? The answer is cer-

tainly in the negative. From Bates we have run wildly to Cruick-

shanks—from roans to reds, and reds with no surrender, no room for

ument, no listening to the voice of warning. If our breeders had
i I the courage oi* Bates, the milking power of Ivnlghtley, the

.ity of the Rose of Sharons, the sea-otter touch of the roans, with

a dash of the Booth and Cruickshank early mat nrity and beef-making

powers, then we would have had an animal that suited our Western

country, and there is where we need bulls. I utter this criticism in

no partial spirit. My experience is with beef, mutton, and pork, the

ultima thule of all our live stock, and it is merely written to show
forth from one point of view, and, as T think, the right one. What
we need in cattle is to make beef and butter. In the struggle for

existence we must meet issues, ami during the past quarter of a cen-

tury in our beef breeds ! he Herefords and Aberdeen-Angus have made
wonderful strides, while our Shorthorns have actually stood still, or at

least have made but little advance. The breeders of the latter have

neglected type, the type, a1 least, which is needed in our Western-coun-

try. We may, however, look for better things. The improved demand
will bring forth better results, and then, too, different countries need

rent types. As we grow older we have more time to think and

study the sit nation. The bull that suits the rich pastures of lib'

will not meet the requirements of the Colorado ranchman. We have
reached the stage where type is not confined to the different clas

of l» ef cattle, hat goes further, reaching the localities and meeting

distinct issues in all parts of the States.

So it is with sheep, but, as said above, this is an industry more vari-

. needing more elasticity in its movements and ends than tin 4 beef,

butter, or bacon business. There are two sources of income from the

k—mutton and wool. These products are as different as the poles.

The one appeals to man's interior, the other to his exterior, and it

does not follow when one is in demand the other follows suit. (

aently, the flock master has conditions to meet widely differed

from his brother breeder. The pendulum of his business tends some-

times toward wool. It is seldom that the best-wooled sheep meet the

demand of the butcher. There is a continual wavering in the mind of

the sheep man as to what course to pursue. Then there is the declin-

ing taste for large joints (more apparent now than ever before in our

i business). Still much is being done, and eventually we believe

that the sheep of the American continent will find the spots where
typo is as necessary as in Great Britain. As the Cotswolds and the

Cheviots are products of their native hills, firmly established, impreg-

nable as Gibraltar from assaults of other breeds, it is certain that in
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the years to come we will have in Wyoming a general-purpose sheep

widely different from that of Ohio or Ontario. It would he useless to

prophesy what will he the leading breed. In a long stock-yard expe-

rience I have failed to make up my mind even vaguely on the subject.

Certainly, we are drifting on to some more defined, stable foundation

in our sheep business. As the Western flock master, at present the

groat producer, acquires land (as he is rapidly doing), and conse-

quently increases his expense of production, he will need to look more
narrowly to breeding only the best, or at least producing the type of

sheep most suitable and profitable for his conditions. In this indus-

try we are still in a transition stage, through which in our cattle busi-

ness we have almost passed. Free range still serves the sheep man,
but it will pass away also, and the men of the East will meet their

brothers of the West on more equal terms.

THE AMERICAN BREEDER AS A PERSONALITY.

As a personality, the American breeder of fine stock is a wonderful

study. In the pioneer days it was not the rich merchant, the great

landed magnate, traveled and educated, but it was the farseeing

farmer, with modest means, who did the real work. Such men as the

Renicks, the Smiths, and the Browns, men of mark and shrewdness

and with an intense love of animals, were the pioneers, and continue

to be practically the leaders to-day. Sometimes a rich man drops into

breeding, but his efforts are apt to be desultory, often faddish, and

rarely successful. In Great Britain the leaders have been noblemen

and l:\vgQ landed proprietors, who took up breeding not only for

profit, but as an incentive to their tenants. It was a sort of patri-

archal system that flavors cf the best in feudal days. It is true, of

course, that Bakewell, Bates, and Booth, and latterly Cruickshank,

were not rich men. It was their brains that evolved their different

types. They had more than brains; they had genius. Their work,

however, has been carried forward in a large degree by the rich land-

owners for reasons stated above, while in the States and Canada the

rank and file of our breeders are farmers who have fought and are

still fighting their way, having to make ends meet often in the face

of countless difficulties. There is a dash and enterprise among our

breeders that savors of success, which, if not a financial, is at least a

national benefit, The tussles that take place in the show yard; the

personalities, reprehensible in themselves, are but indications of that

spirit of emulation which eventually leads on to bloodlessT>attles won
and new fields conquered. With all this collective vitality and won-

derful energy there is no single ease in our knowledge or remem-

brance ;tt all comparable with the above British breeders. Maybe
Abram R.enick is of the same class, lie approached (hem in his

methods and foresight. His Hose of Sharons were a beautiful lo1 of

cattle. The adjective beautiful is used advisedly, because his herd
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could not be called the perfection of bovine structure. But his life

work was a greal one. He had one ideal, and he attained it. He
wanted a neat, small, rather effeminate animal, pleasant to the eye,

with its mild expression and mellow hide, low-legged, active, a grazer

with rapid maturing power; but to my idea there was a want of scale,

and his bulls wanted that maseuline power, the impress of head and
neck, which you must have in a male animal, whether it be a bull, a

ram, or a boar. Treating this great breeder with all due respect, we
can not place him on the same pedestal with the great lights that

illuminated the first days of Shorthorns in Britain or the climax of

Cruickshank's career; but lie stands far and away ahead of all other

American breeders of any class of live stock, and the world, not only

the continent, is richer for his efforts.

The criticism passed upon our breeders of all classes of live stock is

that their methods are spasmodic. The nervous energy of our people

leads on to this state of affairs. The writer has seen many herds of cat-

tle and flocks of sheep, but scarce in one was there that remarkable

uniformity or family likeness, that concent ration of good points, that

at once attracts the eye and gives character to the herd. The answer
to the criticism is that we have not had the time, but we must endeavor
to reach more uniformity. Whatacharm uniformity has tothe buyer

in our stock yards! From the intense practical ideas of our dressed

beef men and Eastern buyers, the improving breeder can draw many
a lesson.

In tin 1 stock yards of late years we have had remarkable instances

of uniformity from the feed lots of some of our breeders of Aberdeen-

Angus, perfect marvels, many of the lots of the best type of the beef

animal, an Illinois herd marketing in December a lot of wonderful

blaek beeves that on the hoof realized s
| cents per pound, the highest

figure of the past fifteen years. The credit lies with our best breeders

of this class for having advertised their products by practical illus-

tration; no paper warfare, but by concentrating the facts in the beast

before you. Probably the best work, relatively, of our breeders of

late years has been with this class of cattle. They have shown us by
their sacrifice in feeding steers that, as bulls, would have been a credit

to any pasture, the wonderful powers of the Aberdeen-Angus as a beef

animal; in fact, they have given us the living pictures, and remark-

able ones they have been. The Aberdeen-Angus breed, transplanted

from its native home to our shores, owes much to the personality of

the men who have handled these cattle. In truth, they have been
improving breeders, men of earnest devotion and single-mindedness,

the image of the bovine Black ever in their eye, devotees to art in the

realms of agriculture, just as keen as were the Greeks in pursuing

the paths of Parnassus.

1 a 99 41
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CONCLUSION.

For over twenty-five years the writer has been intimately connected

with American live-stock affairs. What a transformation has taken
place! The general advance has been by leaps and bounds. True it

is, that some classes of stock have forged ahead of others, but as a

great collective forward movement nothing, so far as known, equals it.

West of the Missouri most has been done. It was a virgin soil after

the war, and the pioneers and ranchmen drew on the stocks of the

older States for blood, in the use of which the source of supply has

been outpaced; at least the general quality of the cattle is better than

in the older States. There is still room for improvement. The ordi-

nary breeder of cattle and sheep in the Central States has been care-

less during the past decade. He has allowed the Western pasture

man and small ranchman to eclipse him in quality. He neglected his

opportunities when bulls were cheap and plentiful. The improving

breeder can only be kept going by selling his wares to the raiser of

stock for market. The impulse of higher prices is remedying this evil

and balancing to a great degree the different sections of the continent

in blood and quality.



DEVELOPMENT OF TRANSPORTATION IN THE UNITED
STATES.

By Angus Sinclair,

Editor Locomotive Engineering.

Mechanical and Business Problems.

Lord Bacon truly says that there are three tiling's which make a

nation great and prosperous—a fertile soil, busy workshops, and easy,

conveyance of men and commodities from place to place. The history

of the world has proved Bacon's words to be true, but there have been

nations blessed with a fertile country and busy workshops which

have tried to get along without easy means of transportation, because

of sectional differences concerning the defraying of the expense of

constructing artificial arteries of intercommunication. The regions

served by water transport were opposed to building roads for the con-

venience of localities remote from sea, lake, or river, and thus con-

flicting interests retarded the progress of some countries for the time

being and left great spaces of fertile regions undeveloped.

In the course of two-thirds of a century a vast wilderness on the

American Continent has been changed from gloomy, untrodden

forests, dismal swamps, and pathless prairies into the abode of a

high civilization. Prosperous States, teeming with populous towns,

fertile farms, blooming gardens, and comfortable homes have arisen

from regions where formerly savage men and wild animals were the

sole tenants. A powerful factor in effecting this beneficent change
lms been the building of railroads.

EARLY PRESSURE OF PRODUCTION UPON TRANSPORTATION.

Projects for providing facilities of transportation by rail originated

almost simultaneously in the British Isles and the United States.

Both countries were badly supplied with highways on which wheeled
vehicles could convey heavy loads; both had tried canals and found
them unsatisfactory in some respects. The increase of production of

commodities faster than the means of moving them led enterprising

men in both countries to look in the same direction for relief.

The conditions of urgent necessity which led to the inventing of

the steam engine were repeated as the volume of produce and mer-

chandise to be carried went beyond the capacity of water carriage and
inferior roads. The steam engine came when great properties were

643
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deteriorating because horse power was incompetent to concentrate

great effort in limited space. It was a foregone conclusion that the

steam engine would be applied to locomotive purposes as soon as the

horse proved unequal to the work of supplying the motive power for

roads and canals.

The application of steam to water transportation delayed for a time
the advent of the locomotive, but thoughtful men had glimpses of

what the steam engine might do in moving loads on land almost as

early as attempts were made to use steam in propelling boats,

THE RAILROAD TRACK.

The railroad structure provided a way for the wheels of a vehicle

to run upon a smooth, hard surface, where obstacles to progress, such
as sinking of the wheels into soft places and mounting over stones

or other projecting obstructions, would not be encountered. Such
roads were to be found in various localities hundreds of years before

the steam engine was invented. There are many traces of what were
really stone railroads to be found in parts of Asia and Africa, where
an advanced civilization flourished thousands of years ago. The
rows of huge stone blocks, worn with myriads of wheels, are in many
places the most substantial traces of an enterprising people long

passed away. The writer has seen in the streets of Italian cities

stone blocks laid down parallel, with a depression to keep the wheels

of vehicles in place, and these make as smooth a roadbed as the inside

surface of car-track rails provide for the truckmen of our large cities.

For hundreds of years stone ways were used in Germany and other

countries in connection with quarries and coal pits. They were
introduced into Great Britain in the eighteenth century. This kind
of crude railroad was known by the name of "tramway," and English-

men say it originated from the name of Outram, a noted individual,

who took some interest in pushing these friction-reducing roads. As
the word "tram " is German and has been used by all northern nations

for a thousand years, the claim of Outram to the word is not accept-

able. His name probabljT originated from the word, which was given

to the man who drove the oxen outside of the trams of the plow.

Outram was the outside man.
Burns, who wrote before Outranks time, in his "Inventory," says:

An auld wheelbarrow more for token ,

Ae tram and baitli the legs are broken.

In the days anterior to railways the intercommunication between

the people of different districts in Great Britain was not at all inti-

mate, but those with the same interests seemed to find out what the

Others were doing. The British Isles are inflicted with rain, and rain

is not good for dirt-made roads. It is, then, easy to imagine how
well the invention of some coal miner was regarded who introduced



DEVELOPMENT OF TRANSPORTATION. 645

tram rails to carry the wagons from the mine to the staith, or wharf,

where the coal was dumped into ships.

One could not tell the coal-mining- world of Great Britain at the

beginning of this century much that was new about trams. The
tramway began with long blocks of stone, that gave place to parallel

wooden stringers for the wheels to run upon. The hand of progress

covered the stringers with iron strips. Then some one found out that

a cast-iron rail simplified matters, and a flange was put upon the

wheels to prevent them from jumping the track. This was the con-

dition of the world's " permanent way " when people of advanced

ideas proposed to use it for steam-driven locomotives.

NEED OF THE LOCOMOTIVE.

The nineteenth century had not advanced many years when people*

in the United States began to realize that something better than

canals was necessary as a means of intercommunication if a great

part of the nation's teniiory were to be opened up to settlement and
civilization. There are numerous navigable rivers and long-reaching

lakes on this continent, but geographically they are far apart, and

there is no means of reaching vast regions except by land transpor-

tation. To the ordinary thinker a system of substantial macadam
roads would have solved the difficulty as far as draft animals could

have aided, but these roads were not tried to any extent.

The pinch of necessity wonderfully quickens the inventive faculties.

Long before a mile of tramway was built in the United States in con-

nection with coal mines, engineers and farseeing public men were dis-

cussing the possibilities of the steam engine as a means of accelerat-

ing land travel, and projects began to be agitated in different States

to construct railways, or tramways, on which the steam engine could

do the work of hauling tin- cars.

Those who looked favorably upon steam engines as motive power
on railroads were a small minority, and they were considered by the

majority as cranks and visionaries. Those regarded as sensible, pro-

gressive men, a little ahead of their time, favored horses for motive

power.

The problem that public men were interested in was, How are we
going to move our merchandise, and coal, and ore to the nearest point

of water navigat ion ? The transportation of passengers received little

consideration from the early railroad schemers.

It might here be mentioned that had James Watt never lived, the

use of the steam engine for transportation purposes would have been

given to the American people just as soon as it was. Oliver Evans,

a native of Delaware, invented the high-pressure, high-speed engine

as an improvement on the Newcomen atmospheric engine when Watt
was working out his ponderous slow-moving improvement on the
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.same engine. The United States lias been the land of high-speed,

high-pressure engines, the type most suitable for locomotive purposes,

and Oliver Evans was the originator.

The need for the locomotive was much more urgent in the United
States than it was in any other country. There were long stretches

between Western rivers and Eastern estuaries that needed to be con-

nected. There were no well-constructed roads of any consequence,

and such roads, had they existed, could not have offered rapid trans-

portation, so the railway was the chief hope of connecting the remote
territory with markets and the seaboard.

FIRST AMERICAN LOCOMOTIVE.

The first locomotive that was tried on the American Continent to

run on rails was imported from England by the Delaware and Hudson
Canal Company. It was selected and brought here by Horatio

Allen, a pioneer engineer, who was interested in railroad enterprises.

The engine was taken to Honesdale, Pa., and tried there in August,
1820. Mr. Allen reported that it was too heavy for the railroad struc-

ture, and its use was given up. The engine weighed only 7 tons, and
there was some diversity of opinion about its being too heavy for the

railroad, but Mr. Allen's decision was final. Several engines of the

same type worked for years successfully on English railways. From
what is known about the structure of the road, engineers now agree

that it was sufficiently strong to support twice the weight of Allen's

engine, known as the "Stourbridge Lion."

The first thirty years of the nineteenth century were for Americans
the period of speculation about the probable success of railroad build-

ing and the utility of the locomotive. Then the people set to work to

build railroads, and within ten years (1840) the country had 2,755 miles

of railroads and tramways. 1 For a few years there was decided uncer-

tainty that the locomotive would be a practical form of motive power,

and Allen's fiasco with the "Stourbridge Lion" helped to make the

capitalists who were investing their money in railroad building timid

about ordering locomotives while they could operate their cars with

horses.

EARLY RAILROADS AND LOCOMOTIVE BUILDING.

The South Carolina Railroad Company was one of the earliest in

the world to decide that its railroad should be operated by locomo-

tives, and the operation began in 1827, very soon after the beginning

in England.

People of Baltimore, who have always shown much zeal in support-

ing enterprises likely to bring trade and commerce to the city,

obtained in L827a charterfrom the legislature of Maryland to construct

Report on Transportation by Land, Eleventh Census, by Henry C. Adams,
special agent, p. 0.
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a railroad from Ball imore to a point on the Ohio River. The building

of the Baltimore and Ohio Railroad was begun without loss of time

with imposing eeremonies. In the early part of 1830 the road had
been finished from Baltimore to Ellicott Mills, a distance of 13 miles,

and the company began operating that part by horses. There were
several sharp curves on the route, and a belief was general that a rail-

road having curves could not be operated by locomotives. Peter

Cooper, whose fame as a philanthropist is well known, was a resident

of Baltimore at that time, and he did not share the popular belief

that locomotives would not be capable of working around curves, so,

to demonstrate the faith that was in him, he built a small locomotive

in t lie Mount Clareshops, Baltimore, and tried it on the road. It was
a very tiny affair of about 1 \ horsepower, but it proved that a locomo-

tive could haul a load on a curved road.
#

Cooper's experiment increased public confidence in the efficiency of

locomotives, and the demand for this kind of engine increased as

steadily as pieces of railroad were finished.

Machine shops capable of building locomotives were not very

numerous, but a few shops undertook the work and succeeded very
well under the circumstances. The first practical engine intended

for everyday work was built by the West Point foundry, New York,

for the South Carolina Railroad. It was a small engine, with a ver-

tical boiler, but it worked as satisfactorily as the English locomotives

built at the same time (1830). The West Point foundry continued

to build locomotives for a time, and improved on the design and
capacity of the firsl engine. Among their most celebrated produc-

tions was the v
- De Witt Clinton." buill for the Mohawk and Hudson

Railroad.

Shortly after the experiment with Peter Cooper's model locomotive

on the Baltimore and Ohio the management of the company adver-

tised for locomotives of American manufacture, offering to pay lib-

erally for them. In due time this brought five engines, all built at

different places, all different in design, and none of them imitating

English models. The preference was given to an engine built by
Davis & Gartner, of York, Pa. This engine had a vertical boiler and
was for a time the type of locomotive used by the Baltimore and Ohio
Pail road.

After this there were locomotive-building shops to be found in sev-

eral towns. Mathias Baldwin had entered the business the year pre-

vious, and his "Ironsides," the second locomotive built in the United
States, was running on the Germantown road, where it was doing

good work, although the company published a standing notice that

the locomotive would start daily with a train of passenger cars if the

weather was fair, but that on rainy days horses would pull the train.

By 1810 there were about two hundred and seventy locomotives

working on fifty-six railroads that were partly finished ; but the greater
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part of the mileage was still operated by horses. It may seem sur-

prising that so many locomotives should be employed on such a short

mileage when horses were doing most of the work, but a locomotive

during the first railroad decade was verjr little larger than the fire

engine of to-day, and great care was taken to prevent it from working-

hard. The weight of the first Baltimore and Ohio regular locomotive

was 34 tons.

EARLY FREIGHT RATES.

The greater parts of early railroads were projected to join two or

three towns by easy communication or to provide the means of carry-

ing freight from the interior to harbor towns that were not well

provided with water transport. Complaints were made in the interior,

where farm products were raised, that the cost of transportation to a

market often exceeded the value of the shipment. When we exam-
ine the railroad rates charged in 1840, we are not surprised at the

complaints made by agricultural communities. A good many of

the railroads were chartered as turnpikes, and any person could haul

cars over them on paying the legal toll charges. This plan, which

caused great confusion, did not have the effect of cheapening trans-

portation. For years after steam motive power was generally intro-

duced private cars were hauled, both freight and passenger, payment
being exacted on a tonnage basis.

In 1840 Mr. W. II. Wilson, engineer of the Columbia and Philadel-

phia Railroad, reported that the rates of toll for the use of the road

varied from 6 mills to 4 cents per ton-mile. There were twelve dif-

ferent rates, the average being 2 cents per ton-mile. It was said

that in the first nine months of the operation of the Baltimore and
Ohio the cost per ton-mile was G cents. In 1837 the charges for car-

rying freight on a few leading railroads were as follows, in cents, per

ton-mile: Baltimore and Ohio, 44; Baltimore and Washington, 4;

Winchester and Potomac, 7; Portsmouth and Roanoke, 8; Boston

and Providence, 10; Boston and Lowell, 7; Mohawk and Hudson, 8.

At that time passengers were charged between 2 and 3 cents per mile

on the roads that carried them.

Although the rates were high from our present standpoint, the rail-

roads did not obtain much profit from the work done. This arose

from a variety of causes. The railroads had nearly all been built in

an inferior fashion, with material that was too light for trains,

although engines and cars were also very light and poorly built. On
most- of the lines the business offered was very small, but the trains

had to be run, no matter what the extra expense was.

As late as 1873 Gen. Herman Ilaupt, general manager of the

Atlanta and Richmond Railroad, testified to a Senate committee that

local rates were 34 to 4 cents per ton-mile, and that local passengers

were charged from 4 to 5 cents per mile. These rates, he acknowl-

edged, were about twice as high as those charged on Northern
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railroads. He justified the high charges on the ground that business

was small. He was dealing with conditions that existed on nearly

all railroads up to 1860.

The men in charge of the operating and of the machinery of rail-

roads had to learn their business by hard and often expensive experi-

•. But they made steady progress, and every succeeding year, up
to a certain point, saw the railway transportation done at reduced

expense.
RAILS AND KOADBED.

It was soon found out that strap rails and other forms of weak
permanent way, laid on a soft, yielding roadbed, made the worst kind

of a foundation noon which to build up a prosperous business.

Railroad operators were not long in finding out that locomotives

weighing under 1" tons were too weak for hauling paying loads, and
that the small ears used had too much dead weight for the paying

load. Prom 1840 to L860 the improving of the weak points named
occupied the attention of the most progressive railroad officials.

When there are good prospects for obtaining plenty of goods to

transport by railway the most important preparation for doing the

work at low cost is to have a good roadbed and a substantial track

properly laid upon it. The engineers who supervised the building of

early railroads believed that the first requirement of agood track was

to have it as unyielding as possible. The first part built by the Bal-

timore and Ohio served for several years as a model for other

railroad builders. A roadbed was first graded as nearly level as pos-

sible. A small trench was then made for each track and filled with

rubblestone. On this were laid blocks of granite or other rock, about

a foot square and as long as possible. The upper face and inner sur-

face of these blocks were dressed perfectly smooth. Bars of iron,

about an inch thick, were then laid on them close to the inner edge

and fastened there.

In some sections granite or other rock blocks were laid at intervals

with wooden stringers, to which the iron rails were fastened.

As late as 1841, in the building of the Erie Railroad, one of the

presidents had piles driven for 100 miles on dry land, to make a sub-

stantial support for the stringers that were to carry the rails.

A few years' experience proved that the unyielding support to the

rails turned the structure into a long anvil, on which the rolling stock

was hammered to destruction. All who could afford the expense lost

no time in putting in cross-ties to support the track.

Great varieties of rail sections were tried during the first twenty

years of railroad building. First there was the plain strap noted for

its "snakeheads," which was a form the rail sometimes took at a loose

joint. Frequently those snakeheads forced their way up through the

car floor. Contemporaneous with the strap was the fish-bellied rail,

which was deeper in the middle than at the ends. This rail had to
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be kept in position by cast-iron chairs, secured to the stringers or

cross-ties. Next came the U, or bridge, rail, laid with the flanges

spiked to the supports. Eventnally the T-rail came and gradually

sent the others to scrap dealers.

IMPROVEMENTS IN THE ENGINE.

The first direction that the improvement of rolling stock took was
the extension of the wheel base of the engine so that the weight

should be distributed over as mnch rail length as jnacticable with the

lightest possible weight on any one spot. This movement was really

begun in the United States, when, in 1831, John B. Jervis, chief

engineer of the Moliawk and Hudson Railroad, put a four-wheel truck

under the front end of an engine that was built under his supervision.

This worked so well on weak, uneven track that it was gradually

adopted by nearly all American railroads.

The coal railroads of Pennsylvania, Maryland, and New York,

which frequently had more business than their motive power could

handle, began using engines about the middle of the century which
were extraordinarily heavy and powerful for that time. The com-
panies using those engines could afford to build and maintain very

substantial permanent way, which was not the case with the aver-

age railroad company. At the same time the engine for ordinary

train service was working into an established form. By 1SG0 engines

weighing about 20 tons were becoming common, and most of them
were carried on two pairs of coupled driving wheels and a four-wheel

truck in front. That form came to be known as the "American"
engine, and it held almost exclusive control of the motive-power field

with regular enlargements until about 1880. These engines were suit-

able for any service, passenger or freight, when used on fairly level

roads, and are to-day the most popular motor ever put in front of a train.

The locomotive of 1900 is an example of steady evolution, and its

leading features are survivals of the fittest. Vast improvements

have been made in quality and finish of material. Certain important

changes have been effected, among which these may be mentioned:

The putting of iron and steel into frames and driving wheels that

formerly were partly of wood; counterbalancing the driving wheels;

making the fire box suitable for burning coal instead of wood; using

equalizing levers between the wheels; placing the cylinders horizon-

tally instead of vertically or inclined; using steel tires instead of

iron; using steel for boilers instead of iron and for fire boxes instead

of iron or copper; using iron or steel for tubes instead of brass.

All these improvements have helped to increase the durability of the

engine, to make it more efficient, and therefore to enable it to reduce

the cost of hauling mile-tons of freight or passengers. Other changes

made in the interests of economy are extremely high boiler pressure,

increase in size, and using the steam on the compound system.
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STEEL RAILS.

Steel rails began to be introduced about 18G7, and they steadily

forced iron rails out of use, except for places where the traffic was

very light. Engineers who have made the subject a special study

say that a steel rail is from 8 to 15 times more durable than iron and
is much less liable to breakage throughout the whole of its use. The
invention of cheap methods of making steel rails has had a stupendous

effect upon transportation. It brought the cereals of regions west

of the Missouri River and of the remote Northwest into competition

with the grain-raising districts of the Eastern States and of Europe
and Asia; ii caused a semirevolution in farming business in the Brit-

ish Isles, and strongly affected the condition and fortunes of millions

of people. While inflicting injury on the interests of the few, the

invention exercised a distinct beneficent influence on the many.
The iron rail and 1 he 25-ton locomotive had pushed settlement and

civilization far beyond the limils possible when the mule-hauled

wagon formed the means of transport to waterways. Steel rails and
huge locomotives make the railroad a close competitor with waterways
in the cost of transportation; these have also made the capacity for

reaching remote places almost unlimited.

It was only after the introduction of steel rails that railroad men
began to grasp the conditions necessary to move a unit of passengers

or freight at the least possible expense. The principal conditions are

powerful locomotives, loaded to their utmost capacity with large cars

carrying heavy loads and run over a fairly straight and level road.

For the last ten years all competent railroad managers have been
working in this direction.

Improvement in permanent way and in motive power greatly

reduced the cost of transportation, but a great change in the methods
of railroad operating and management preceded the physical improve-

ments referred to.

CONSOLIDATION AND EXTENSION OP RAILROADS.

It has already been mentioned that most of the early railroads were
built to connect towns or waterways. They were mostly short roads

that did not attempt to cooperate with one another in moving freight

or passengers beyond their own limits. This led to very annoying
delays and extra handling of freight. The line, for instance, between
Albany and Niagara was in the hands of many separate companies
that seldom worked in harmony, and nearly all other lines that were
links in through routes were managed in a similar manner. By 1850

the people had become tired enough of the unnecessary discomforts

endured on long journeys, and they began to demand radical reform.

This gave personages who became known as "railroad kings" their

opportunity.
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ECONOMICS OF THE GAUGE.

In connecting disjointed lines the eonsolidators lost an opportunity

which may cause much inconvenience in coming years. They found
a great variety of track gauges and chose the narrowest, 4 feet Sc-

inches, now known as the standard. That gauge is too narrow for

admitting of a properly designed boiler upon a large locomotive.

Many locomotives are already at work that have reached the limit of

their capacity, because the limited gauge prevents the boiler from
being made larger. To obtain a large boiler it has been raised as

high as bridges and tunnels will admit, and it can not be made any
longer with economy, so that the question has been raised whether
this country has not already nearly reached its limit of cheapness in

railroad transportation. If the gauge had been made G feet, the Erie

standard, or 5 feet G inches, which was the gauge of man}^ Southern
roads and that of Canada, the possibilities of making railroads com-
pete successfully with water carriage would have been greatly in-

creased. When all the leading railroads use locomotives of the

greatest possible capacity for the gauge, and cars are made to

carry the maximum load that can be safehT conveyed on two four-

wheel trucks, the cost of transportation will be reduced, but not to a

radical extent. It is believed in some quarters that the bottom cost

has nearly been reached unless some revolutionary change is made
in the track and motive power.

One of the most curious facts met with in railroad history is the

influences by which certain track gauges were established. The set-

tling of the gauge likely to prove most convenient for the business to

be done is an engineering j)roblem which ought to have received

careful stud}' and profound calculation. Instead of that, the gauge
was generally decided by some whim. In 1840 there were thirty-

three separate railway companies in Great Britain, with 1,552 miles

of track, and they had five different gauges, ranging from 4 feet 8£
inches to 7 feet—the narrowest gauge having more mileage than all

the others. The former was George Stephenson's gauge, and it was
established in a curious Avay. The gate openings of the first tram-

road Stephenson -was connected with were just sufficiently wide to

permit wheels extending 5 feet to pass. At that time the flange of the

wheel was on the outside. When the Stockton and Darlington Rail-

way was built Stephenson put the wheel flanges inside. The width
of the rail head was about 2 inches, so the inside gauge was 4 feet 8

inches. When the Liverpool and Manchester Railway was under
construction the engineers concluded that it was better to give the

wheels plenty of side play to make fast running easy, and they

widened the gauge one-half inch, making it 4 feet Si inches.

The success of the Liverpool and Manchester Railway made George
Stephenson a great man, and others were ready to imitate what he
had done, so his gauge was adopted by most of the British railways.
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He had locomotive building works that supplied many of our early

railroads with engines, and the track gauge was generally established

to tit the wheels of the engine. The South Carolina track was laid

to 5-foot gauge, and the tendency in the South was to follow that

width, but toward the Ohio River and some other Southern districts

5 feet 6 inches was the favorite gauge.

There was more confusion in the North. The roads that began
with Stephenson engines had mostly 4 feel 8.1 inches gatige; but there

were to be found gauges of 4 feet 9 inches, 4 feet 10 inches, 4 feet 11

inches, and 5 feet. Canada had 5 feet 6 inches, and the Erie road 6

feet. The wide gauge was adopted for the Erie because the chief

engineer said that the grades would be so heavy that enormously

large locomotives would be needed to haul the trains and that the

narrow gauge could net accommodate the size of engines necessary.

The president favored the wide gauge because he did not wish the

road to have facilities lor interchange with other roads that might be

the means of carrying trade away from New York City.

RATES IX RECENT VEAES.

For the last thirty years the rates for the transportation of freight

have been steadily reduced. In L854 a leading trunk line with ter-

minal in Xew York received an average 2.58 cents per ton per mile;

in 1899 tie- rate had fallen to 0.517 of a cent. In 1870 twelve leading

railroads received an average of 2 cents per ton-mile for freight, and
in 1898 it had fallen to 7.53 mills. The average rate for passengers

in the latter year was L.973 cents per mile.

The rates for carrying passengers have nol decreased in proportion

to freight charges, hut it is doubtful if the railroad companies earn

more in proportion, for the cost of hauling trains has been greatly

enhanced by the introduction of heavy, luxurious cars and accelerated

speed.
Expansion and Progress.

In the foregoing pages much space has been devoted to a considera-

tion of the mechanical difficulties that were encountered by railroad

engineers and constructors in the extension of the railway system
of this country, for the reason that these difficulties were of a

fundamental character and needed to be overcome before distant

agricultural regions could be placed in practical and economical

communication with their markets. In previous treatments of this

subject, the dependence of agriculture upon these technical and
fundamental features of transportation has not received due impor-

tance; hence, the present attempt to explain the indebtedness that

agriculture and its extension in the United States owe to the mechanic,

the engineer, the railroad constructor, the inventor, and the railroad

manager. In the remainder of this paper attention will be given to

industrial and economic features.
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ROADS AND CANALS.

When the nineteenth century began the inhabitants of the States

forming the Union were settled within easy reach of navigable

streams or estuaries of the ocean, which provided indifferent means
of transportation. The most fertile land was often to be found

farther from the waterways, but the expense of carrying produce to

the market was in such cases greater than the value of the goods.

A glance at the map of the United States will show how bountifully

nature has provided the Atlantic coast with inland waterways that

extend far into the interior of the country. By the aid of these the

nucleus of a great nation was established with practically no aid

from artificial means of transportation. During the colonial period

there was not enough State or national feeling to induce the people to

join their energies in pushing enterprises, such as roads and improved

waterways, for the public good. The long struggle of the Revolu-

tionary conflict impoverished the people, never rich in the world's

goods, and the close of the eighteenth century found the Government

too poor to undertake the execution of public works greatly needed

to aid the country in a progressive career.

Sentiment in favor of making better means of inland transit was,

however, kindled, and it gradually but surely warmed up public

opinion to engage in united efforts to carry out public works for

the good of the country at large The first useful manifestation of

this sentiment was the building of good roads between important

trade centers. Then came agitation in favor of the construction of

canals. That the making of roads and canals did not achieve much
X>rogress in the early years of this century was due more to the pov-

erty of the people than to their want of inclination.

The war of 1812 delayed to a great extent the construction of roads

and canals, but peace was scarcely established when these public

improvements were pushed with renewed vigor. By this time the

invention of the steamboat was imprinting its mark uj>on the country

and opening up prospects of extended inland commerce which never

had been dreamed of when the century began.

IMMIGRATION.

The nineteenth century has seen a mighty emigration, more stupen-

dous than anything that happened in ancient times, and it has gone

on so quietly that few people realize its vast proportions. This lias

been the emigration of people from Europe to the United States. The
principal part of this immigration, which in itself has been sufficient

to form a great nation, has happened since the beginning of the rail-

road era, and the extending of new railroads has constantly opened

new worlds, where industry and thrift made possible conquests of

wealth and comfort, such as no other movement of the human race

has brought to the enterprising seekers after fortune.
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THE STREAM OF TOILERS FROM EUROPE.

With road building, canal construction, and the sending of steam-

boats farther and farther inland, the United Stateswas becoming the

greatest center of commercial activityand enterprise in thewhole world.

The fame of tins land of liberty extended beyond the Atlantic, and
thousands of people, destitute of land or starving in forced idleness,

looked to the United States as a land of promise, where industry

would reap the reward of food, raiment, and comfort.

That started a stream of emigration which rose like a rippling

brook, and increased as it advanced until it became a mighty river.

It is estimated that in the years from 1789 and 1820 about 250,000

immigrants came to the United States, a large proportion of them
having arrived in the latesl decade. Although the disturbance of

the war of 1812 had prostrated enterprise, the last few years of the

second decade of the century witnessed the inauguration of industrial

activity, and were tin' beginning of the nation's irresistible march on
the crusade of peaceful triumphs.

In the decennial period from L821 to 1830 the immigrants num-
bered L43,439, and this brought the country to the beginning of the

railroad-building period. The flood of immigrants then increased

very rapidly, for 1he people in Europe found out that thousands of

hands would be needed in the construction of railroad works, while

others learned that the railroads were opening up new territory for

settlement, where land could be bought cheaply, while a market
would be open for the produce raised. In the decade 1831 to 1840

the Government records show thai 599,125 immigrants arrived.

The stream of emigration was now becoming a flood. From 1841

to L850 the population was increased by 1,713,251 people who came
from beyond the seas. It went on increasing from this source till, in

the decade from 1881 to 1800, it reached the immense proportions of

5,240,613. That was the high tide. From 1821 to 1899 immigrants

to the number of 18,823,668 came to find homes in the United States.

In the year 1882, which was the flood of the tide, the country received

almost 800,000 immigrants.

The world never before saw anything comparable with this tremen-

dous movement of people in so short a space of time. The population

that Europe has thus lost in a hundred years is about equal to two-

thirds of the population of Great Britain and Ireland in 1861, and
is a little less than this fraction of the number of inhabitants in

the United States in the same year. It represents five-sixths as many
people as Great Britain and Ireland gained in population in the first

ninety years of this century. If the ships on which these emigrants

embarked carried, on an average, 500 jmssengers, more than 38,000

round trips have been made in ferrying them to their new homes.

No probability can be discerned that any later century will see the

equal of this migration. The fairest parts of the world that were
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wildernesses in 1800 now teem with industry and population. There

arc no more virgin lands in abundance to occupy in this country; no

more such enticements to draw millions from the homes of their

fathers.

Much of this vast concourse of people rested not in towns upon
their arrival, but marched out bravely to lands that had never felt

the plow and to forests unmarked by the ax, and there by patient

toil proceeded to enrich themselves and the nation under whose

industrial flag they had enlisted.

INCREASE OP POPULATION, AGRICULTURE, AND RAILROAD MILEAGE.

The means of railroad transportation advanced steadily with the

growth of population. Although early in the century a movement
had been started for the construction of good roads, the work done

scarcety made a mark on the map of the United States, and the people

who settled more than a day's journey from navigable water or canals

depended on railroads as almost their sole means of transporting their

produce to markets. To them the railroad was looked upon to per-

form the functions done by turnpikes in other countries. On this

account the people have given extraordinary encouragement to the

building of railroads.

In 1840 the population of the country was 17,069,453, and there were

2,755 ! miles of railroads in operation, or 0.16 of 1 mile, about one-

sixth of a mile for every 1,000 people. In the census year 1840 Ohio,

Pennsylvania, New York, Virginia, and Kentucky raised 57 million

bushels of wheat. During the same year Tennessee, Kentucky, Vir-

ginia, Ohio, and Indiana raised 181 million bushels of corn. The

total volume of agricultural exports that year was worth 192,548,067.

The next decade, ending in 1850, found the population increased

to 23,191,876 people, and the railroad mileage to 8,57V or 0.37 of 1

mile for every 1,000 of the population. Pennsylvania, Ohio, New
York, Virginia, and Illinois in 1850 raised 63| million bushels of

wheat, and Ohio, Kentucky, Illinois, Indiana, and Tennessee raised

281 million bushels of corn; Alabama, Georgia, Mississippi, South

Carolina, and Tennessee raised 2.04 million bales of cotton; New York,

Ohio, Pennsylvania, Virginia, and Tennessee had $222,900,000 worth

of farm live stock on hand. The exports amounted to $108,605,713

in agricultural produce.

In 1860 there were 31,443,321 people, and 28,920' miles of railroad,

or 0.92 of 1 mile to every 1,000 of the people. During 1860 Illinois,

Indiana, Wisconsin, Ohio, and Virginia raised 84 J million bushels of

wheat, while Illinois, Ohio, Missouri, Indiana, and Kentucky raised

397 million bushels of corn; Mississippi, Alabama, Louisiana, Georgia,

and Texas raised 4.1 million bales of cotton; and the farms of New

1 Report on Transportation by Land, Eleventh Census, by Henry C. Adams,

special agent, p. <i.
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York, Ohio, Illinois, Pennsylvania, and Kentucky had on hand 388

million dollars' worth of live stock. The value of agricultural exports
was $256,560,972.

In 1870 the population had risen to 38,558,371, and the railroad

mileage was 49,168,' or 1.28 miles to each 1,000 of the population.

During that year Illinois, Iowa, Ohio, Indiana, and Wisconsin raised

141 million bushels of wheat; Illinois, Iowa, Ohio, Missouri, and
Indiana raised :js:H million bushels of corn; Mississippi, Georgia,

Alabama, Louisiana, and Texas raised 2.17 million bales of cotton;

New York, Illinois, Ohio, Pennsylvania, and Missouri had on their

farms 646 millions of dollars' worth of live stock. The export of

agricultural produce was worth $361,188,483.

During the decade ended in 1880 the population increased to

50,155,783, and there were s7,724' miles of railroad, or 1.75 miles for

each 1,000 inhabitants. Illinois. Indiana, Ohio, Michigan, and Minne-
sota raised 214^ million bushels of wheat in 1880, while Illinois, Iowa,

Missouri, Indiana, and Ohio raised l,03O£ million bushels of corn,

Mississippi, Georgia, Texas, Alabama, and Arkansas raised 3.89million

bales of cotton, and Illinois, Iowa, New York. Ohio, and Missouri

had 574^ million dollars' worth of live stock. The value of agricul-

tural produce exported that year was $685,961,091.

In the 1890 decade the population was 62,622^250; there were

163,597 a miles of railroads, 2.61 miles for every 1,000 of the popu-

lation. Minnesota, California, Illinois, Indiana, and Ohio in 1890

raised 203^ million bushels of wheat ; Iowa, Illinois, Kansas, Missouri,

and Ohio raised 1,173 million bushels of corn; Texas, Georgia, Mis-

sissippi, Alabama, and South Carolina raised .">.4s million bales of

cotton, while the farmers in Iowa, Illinois, Missouri, Kansas, and New
York had on hand 778 million dollars' worth of live stock. The
export of agricultural products aggregated $629,820,808.

In 10(io the estimated population is 75,000,00<>; the miles of railroad,

190,000, 3 or 2.5:) miles per 1,000 of population.

In 1899 Minnesota, North Dakota, Ohio, South Dakota, and Kansas
produced 2:>4 million bushels of wheat; Illinois, Iowa, Kansas,
Nebraska, and Missouri raised 1,114 million bushels of corn; Texas,

Georgia, Mississippi, Alabama, and South Carolina raised 8.2 million

bales of cotton, and the farms in Iowa. Texas, Illinois, Kansas, and
New York contained about 621 million dollars' worth of live stock. 4

The value of agricultural products exported was about §784,999,009. 3

'Report ou Transportation by Land, Eleventh Census, by Henry C. Adams,
special agent, p. 6.

• Report of Statistician of Interstate Commerce Commission, 1898.
3 Estimates of the Department of Agriculture, based on reports of the Statis-

tician of the Interstate Commerce Commission.
*In 1900, without swine, $784,989,087.

'Bureau of Statistics, Treasiiry Department (subject to revision).

1 A 99 42
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LONG-DISTANCE TRANSPORTATION.

"While the United States for many years continued to "be almost exclu-

sively an agricultural country, the center of population has remained
near the middle of the settled portion. A century ago there were

very few settlers west of the Appalachian Mountains except in Ken-
tucky, Pennsylvania, and Ohio. The people were mostly settled on
a strip about 1,600 miles long, extending along the coast from Maine
to Alabama, the width depending upon the number and character of

the rivers that provided means of transportation into the interior.

Up to 1840 the center of population moved within a radius of 200

miles from Washington, D. C. ; then it moved slowly westward. In

1850 it was near Parkersburg, W. Va. ; in 1860 itwasnear Chillicothe,

Ohio; in 1870 it was IS miles east by north of Cincinnati, Ohio; in

1880 it was 8 miles west by south of Cincinnati and in 1800 it was
20 miles east of Columbus, Ind.

The center of population after 1810 began to be more and more
influenced by the increasing population of the manufacturing and
mining districts, and the greater part of the agricultural products

came to be raised in States that were a long distance away from the

• •enter of population. It will be noticed that in 1840 and 1850 New
York, Pennsylvania, and Virginia were among the best wheat-raising

States, but after that the raising of cereals moved gradually to the

Western States. This movement became very rapid after the intro-

duction of steel rails enabled railroad companies to make material

reduction in freight charges.

After railway construction began a part of the westward movement
of population was surging in advance of railroad building, the enter-

prising people being contented to go forward and wait for the rail-

roads that would give them easj' communication with the commercial

world by the time they had produce to sell and were ready to purchase

the commodities that the outer world would supply. They went by
rail, by boats on lakes and other waterways, and then b3T prairie

schooner found their way to the more fertile regions open for settle-

ment.

It was not safe, however, to settle far from a point of shipment by
rail or water, because produce could be carried by wagons but a short

distance before the cost of transportation would equal the value of

the load.

The desired reduction of freight rates has not yet been accomplished;

but the movement toward cheapness has been so pronounced that it

is safe to predict that when railroads are using locomotives and cars

of maximum power and capacity, a day's wages of a common laborer

in New York may be sufficient to pay the charges on a year's food sent

from St. Paul, Omaha, or Kansas City to New York. In 1887 the aver-

age charge for transporting a bushel of wheat from Chicago to New
York by railwas 15. 75 cents; inlSOO the chargewas 11.6 cents. During
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the year 1887 the average rate per 100 pounds of meat from Cincinnati

to New York by rail was 27.12 cents; during 1899 it was 24.83 cents.

Anterior to the steel-rail period, when wood-burning locomotives

hauled ears loaded with from 500 to 600 bushels of wheat or from
15,000 to 20,000 pounds of other products, the rail freight charges for

long distances were practically prohibitory. In 1858 the rate per

bushel of wheat from Chicago to Xew York was 38.01 cents, and there

was a very small margin of profit for the carriers. The introduction

of more powerful locomotives and cars of greater capacity, together

with water competition, pushed the all-rail rate downward till in 1870

it was 26.11 cents. At this time the lake and rail rate was 19.58cents

per bushel of wheat.

DEVELOPMENT WEST AND SOUTHWEST.

There were new prospects that land in districts remote from water

carriage would be cultivated with profit to the farmer, and the tide

of immigration flowed rapidly into States that previously had a

meager population. In the decade from 1860 to 1870 twelve States

and Territories in the West, Northwest, and Southwest added the fol-

lowing approximate increase of population:

Incri ' im 1SC0 to 1S70.

r Territory.
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of canal transportation is a large one, and will only be mentioned in

this paper, especially since the subject has been exhaustively treated

of in other publications. 1

FREIGHT AND PASSENGER RATES.

FREIGHT RATES.'2

The following table shows the freight rates, in cents, per bushel for

wheat and corn from Chicago to New York:

Hates, in cents, per bushel for wheat and com from Chicago to New York,

1S70, 1880, 1890, and 1899.

Year.
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grain in sacks of LOO pounds cost 20.04 cents for freight, while wheat

in bulk was charged only 8.11 cents per bushel. In 1899 these latter

rates had dropped to 10 and 4.50 cents, respectively. The rates for

corn and rye were quoted in 1892 as Scents per bushel for high water

and 7 cents for Low water.

The distance from Cincinnati to Xew York is about 200 miles shorter

than the distance from Chicago, but the rates for dressed meats are

not materially lower. In L868 the average rate per 100 pounds was

48.8 cents. In L880 the rate was 33.41 cents; in 1890 it was 23.89

cents, and in 1899 it was 24.83 cents.

For bulky, fragile, and perishable articles higher rates are charged

by railroad companies than for those heavy articles with which a car

can be loaded to its full carrying capacity as measured by weight, and

which are not likely to sustain damage in transit. The following

table shows the rates, in cents, for 100 pounds of a variety of merchan- '

disc from New York to Chicago:

Rates, in cent.*, per 100 pounds of merchandis< from New York to Chicago

by raU,1867, ti and 1899.

Year.
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The following are the average freight rates, in cents, per ton per

mile charged by different railroad companies:

Average rates, in cents, per ton per mile by different railroads, 1SG7, 1S70,

1SS0, 1S90, and 1SDS.

Year.
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The Midland Railway of England, which may be taken as a repre-

sentative road, some years ago abolished second-class passenger rates,

and now runs onty first-class and third-class carriages. The rate

for first class is 3J cents per mile, and for third class 2 cents per mile.

Other railways charge from 4^ cents to 5 cents per mile for first class,

3 to 34 cents for second class, and 2 cents per mile for third class, the

latter rate being regulated by law.

Mr. George H. Daniels, general passenger agent of the New York
Central Railroad, a high authority on railroad matters, in an address

delivered before the Utica Chamber of Commerce on February 19,

1! ; "(>, said:

It is beyond question that American railroads to-day furnish, the best service in

the world, at the lowest rates of fare, at the same time paying their employees

very much higher wages than are paid for similar service in any other country

on the globe.

In the United States the first-class passenger fares last year averaged 1.98 cents

per mile, although on some large railways the average was several mills less than

2 cents per mile; in England the first-class fare is 4 cents per mile; third-class

fare, for vastly inferior service, is 2 cents per mile, hut only on certain parliamen-

tary trains.

In Prussia the first-class fare is 3 cents per mile; in Austria 3.05 cents per mile;

in France 3.36 cents per mile.

Our passenger cars excel those of foreign countries in all that goes to make up
the comfort and convenience of a joun
Our sleeping and parlor car system is vastly superior to theirs; our baggage

Bystem is infinitely better than theirs, and arranged upon a much more bberal

basis. American railroads carry 150 pounds of baggage free, while the German
roads carry only 55 pounds ft

The lighting of our trains is superb, while the lighting of trains on most foreign

lines is wretched.

The annual reports of British railway companies do not show the

charges of freight per mile, but Mr. E. G. Dorsey, a well-known civil

engineer, investigated the subject several years ago, and his conclu-

sion was that the rates averaged 2\ cents per ton per mile. That is

nearly three times the average rate charged by xVmerican railroads.

Mr. J. S. Jeans, secretary of the Iron and Steel Institute of Great
Britain, estimates the average rate for mineral to be 1.5 cents per ton

per mile. The rates on railways on the Continent of Europe are a

little higher than those of England for both freight and passengers.
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APPENDIX.

ORGANIZATION OF THE DEPARTMENT OP AGRICULTURE,
DECEMEER 31, 1899.

OFFICE OF THE SECRETARY.

Secretary of Agriculture, James Wilson.

The Secretary of Agriculture is charged with the supervision of all public busi-

ness relating to the agricultural industry. He appoints all the officers and
employees of the Department, with the exception of the Assistant Secretary and
the Chief of the Weather Bureau, who are appointed by the President, and directs

the management of all the divisions, offices, and bureaus embraced in the Depart-
ment. He exercises advisory supervision over the agricultural experiment sta-

tions deriving support from the National Treasury, and has control of the quaran-
tine stations for imported cattle and of interstate quarantine rendered necessary
by contagious cattle disea

Assistant Secretary of Agriculture. Joseph H. Brigham.

The Assistant Secretary performs such duties as may be required by law or
prescribed by the Secretary. He also becomes Acting Secretary of Agriculture
in the absence of the Secretary.

Chief Clerk, Andrew Gedd
The Chief Clerk has the general supervision of the clerks and employees; of

the order of business -. and correspondence of the Secretary's office; of all

expenditures from appropriations for contingent expenses, stationery, etc.; of the
enforcement of the general regulations of the Department, and of the buildings
occupied by the Department of Agriculture.

Appointment Clerk. Joseph B. Bennett.

The Appointment Clerk is charged by the Secretary with the preparation cf all

papers involved in making appointments, transfers, promotions, reductions, fur
loughs, or dismissals, and has charge of all correspondence of the Department
with the United States Civil Service Commission. He deals with all questions as
to positions in the Department which are under civil-service rules.

Chief of Supply Division, Cyrus B. Lower.

The Supply Division has charge of purchases of supplies and materials paid for
from the general funds of the Department.

BUREAUS, DIVISIONS, AND OFFICES.

Weather Bureau (corner Twenty-fourth and M streets NW).

—

Chief, Willis
L. Moore; Chief Clerk, Henry E. Williams; Professors of Meteorology, Cleve-
land Abbe, F. H. Bigelow, Alfred J. Henry, Charles F." Marvin, Edward B.
Garriott.

The Weather Bureau has charge of the forecasting of weather; the issue of
storm warnings; the display of weather and flood signals for the benefit of agri-
culture, commerce, and navigation; the gauging and reporting of rivers; the
maintenance and operation of seacoast telegraph lines, and the collection and
transmission of marine intelligence for the benefit of commerce and navigation;
the reporting of temperature and rainfall conditions for the cotton, rice, sugar,
and other interests; the display of frost and cold-wave signals; the distribution of
meteorological information in the interests of agriculture and commerce; and the
taking of such meteorological observations as may be necessary to establish and
record the climatic conditions of the United States or as are essential for the
proper execution of the foregoing duties.
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Bureau of Animal Industry.—Chief. D. E. Salmon; Assistant Chief, A. D.
Melvin: Chief Clerk, S. R. Buvch: Chief of Inspection Division, A. M. Farring-
ton: Chief of Miscellaneous Division, Tooie A. Geddes; Chief of Pathological
Division, Victor A. Norgaard; Chief of Bvochemic Division. E. A. de Schweinitz;
Chief of Dairy Division, Henry E. Alvord; Zoologist, Ch. Wardell Stiles; In
charge of Experiment Station, E. C. Sehroeder.

The Bureau of Animal Industry makes investigations as to the existence of con-
tagious pieuro-pneumonia and other dangerous communicable diseases of live

stock, superintends the measures for their extirpation, makes original investiga-
tions as to the nature and prevention of such diseases, and reports on the condition
and means of improving the animal industries of the country. It also has charge
of the inspection of import and export animals, of the inspection of vessels for the
transportation of export cattle, and of the quarantine stations for imported neat
cattle; supervises the interstate movement of cattle, and inspects live' stock and
their products slaughtered for food consumption.

Division of Statistics.—Statistician and Chief, John Hyde: Assistant Statis-

tician, George K. Holmes.

The Division of Statistics collects information as to the condition, prospects, and
harvests of the principal crops, and of the numbers, condition, and values of farm
animals, through separate corps of county, township, and cotton correspondents,
and individual farmers; and through State agents, each of whom is assisted
by a corps of local reporters throughout the State. It obtains similar information
from European countries monthly through consular, agricultural, and commercial
authorities. It collects, tabulates, and publishes statistics of agricultural produc-
tion, distribution, and consumption, the authorized data of governments, insti-

tutes, societies, boards of trade, and individual experts. It issues a monthly
crop report and occasional bulletins for the information of the producers and
consumers, and for their protection against combination and extortion in the
handling of the products of agriculture.

Section of Foreign Markets.—Chief, Frank H. Hitchcock.

The Section of Foreign Markets makes investigations and disseminates infor-
mation '• concerning the feasibility of extending the demands of foreign markets
for the agricultural products of the United States."

Office of Experiment Stations.—Director, A. C. True; Assistant Director,
E. W. Allen.

The Office of Experiment Stations represents the Department in its relations to
the experiment stations which are now in operation in all the States and Territo-
ries. It seeks to promote the interests of agricultural education and investigation
throughout the United States. It collects and disseminates general information
regarding the colleges and stations, and publishes accounts of agricultural investi-
gations at home and abroad. It also indicates lines of inquiry of the stations, aids
in the conduct of cooperative experiments, reports upon their expenditures and
work, and in general furnishes them with such advice and assistance as will best
promote the purposes for which they were established. It is also charged with
investigations on the nutritive value and economy of human foods. The collection
of valuable matter on irrigation from agricultural colleges and other sources, as
provided in the appropriation bill, is conducted by this office.

Division of Chemistry.— Chemist and Chief, Harvey W.Wiley: Assistant Chem-
ist, Ervin E. Ewell.

The Division of Chemistry makes investigations of the methods proposed for the
analyses of soils, fertilizers, and agricultural products, and such analyses as per-
tain in general to the interests of agriculture. It can not undertake the analyses
of samples of the above articles of a miscellaneous nature, but application for such
analyses should be made to the directors of the agricultural experiment stations
of the different States. The division does not make assays of ores nor analyses
of minerals except when related to general agricultural interests, nor analyses of
water.

Division of Entomology.—Entomologist and Chief, L. O. Howard; Assistant
Entomologist , C. L. Marlatt.

The Division of Entomology obtains and disseminates information regarding
injurious insects; investigates insects sent to the division in order to suggest
appropriate remedies; conducts investigations in economic entomology in dif-
ferent parts of the country, and mounts and arranges specimens for illustrative
and museum purposes.
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Division of Biological Survey.—Biologist and Chief, C. Hurt Merriam;
Assistant Chief , T. S. Palmer.

The Division of Biological Survey studies the geographic distribution of animals
and plants, and maps the natural life zones of the country; it also investigates
the economic relations of birds and mammals, and recommends measures for the
preservation of beneficial and the destruction of injurious species.

Division OP FORESTRY.

—

Forester and Chief, Gifford Pinchot; SuperinU ndentof
Working Plans, Henry S. Graves.

The Division of Forestry investigates methods and trees for planting in the
treeless West, gives practical assistance to tree planters, and also to farmers,
lumbermen, and others, in handling forest lands. It studies commercial trees to
determine their special values in forestry, and also studies forest fires and other
forest problems.

Division of Botany.—Botanist and Chief, Frederick V. Coville; Assistant
Chief, Lyster H.Dewey; Special Agent in Chargeof Section of Seed and Plant
Introduction, O.F.Cook.
The Division of Botany investigates botanical agricultural problems, including

the purity and value of agricultural seeds; methods of controlling the spread of
weeds or preventing their introduction into this country; the dangers, effects, and
antidotes for poisonous plants, the native plant resources of the country, and other
subjects of economic botany. It introduces, tests, and distributes valuable seeds
and plants from foreign countries.

Division of Vegetable Physiology and Pathology.—Pathologist and Chief,
B. T. Galloway: Assistant Pathologist, Albert F. Woods.
The Division of Vegetable Physiology and Pathology has for its object a study

of the normal and abnormal life processes of plants. It seeks by investigations in

the field and experiments in the laboratory to determine the causes of disease and
the best means of preventing the same. It studies plant physiology in its bearing
on pathology.

Division of Agrostology.—Agrostologist and Chief, F. Lamson-Scribner;
Assistant Chief, Thomas A. Williams.

The Division of Agrostology is charged with the investigation of the natural
history, geographical distribution, and uses of grasses and forage plants, their

adaptation to special soils and climates, the introduction into cultivation of
promising native and foreign kinds, and the preparation of publications and
correspondence relative to these plants.

Division of Pomology.—Pomologist and Chief, G-ustavus B. Brackett; Assistant
Pomologist, W. A. Taylor.

The Division of Pomology collects and distributes information in regard to the
fruit interests of the United States: investigates the habits and peculiar qualities
of fruits, their adaptability to various soils and climates, and conditions of cul-
ture: and introduces new and untried fruits from foreign countries.

Division of Soils.—Chief, Milton Whitney; Assistant Chief, Lyman J. Briggs.

The Division of Soils is intrusted with the investigation, survey, and mapping
of soils; the investigation of the cause and prevention of the rise of alkali in the
soil, and the drainage of soils; and the investigation of the methods of curing
and fermentation of tobacco in the different tobacco districts.

Office of Public Road Inquiries.—Acting Director, Maurice O. Eldridge.

The Office of Public Road Inquiries collects information concerning the systems
of road management throughout the United States, conducts investigations and
experiments regarding the best method of road making, and prepares publications
on this subject.

Division of Gardens and Grounds.—Horticulturist and Superintendent of
Gardens and Grounds, William Saunders.

The Division of Gardens and Grounds is charged with the care and ornamenta-
tion of the park surrounding the Department buildings, and with the duties con-
nected with the conservatories and gardens for testing and propagating economic
plants.

Division of Publications.—Editor and Chief, Geo. Win. Hill; Assistant Chief,
Joseph A. Arnold: Assistant in Chargeof Document Section, R. B. Handy.
The Division of Publications exercises general supervision of the Department

printing and illustrations, edits all publications of the Department (with the
exception of those of the Weather Bureau), has charge of the printing and
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Farmers' Bulletin funds, and distributes all Department publications with the
exception of those turned over by law to the Superintendent of Documents for
sale at the price affixed by him; it issues, in the form of press notices, official
information of interest to agriculturists, and distributes, to agricultural publica-
tions and writers, notices and synopses of Department publications.

Division of Accounts and Disbursements.—Chief and Disbursing Clerk, Frank
L. Evans; Assistant Chief (in charge of Weather Bureau disbursements), A.
Zappone; Cashier, Everett D. Yerby.
The Division of Accounts and Disbursements is charged with the adjustment of

all claims against the Department; decides questions involving the expenditure
of public funds; prepares estimates of appropriations needed; contracts for annual
supplies, leases, and agreements; issues requisitions for the purchase of supplies,
requests for passenger and freight transportations; and attends to all business
relating to the financial interests of the Department including payments of
every description.

Division of Seeds.—Chief, Robert J. Whittleton.

The Division of Seeds is charged with the purchase and distribution of valuable
seeds. They are distributed in allotments to Senators, Representatives, Dele-
gates in Congress, agricultural experiment stations, and by the Secretary of
Agriculture, as provided by law.

Library.—Librarian, W. P. Cutter.

The Librarian has charge of the Library and supervises the arrangement and
cataloguing of books, the preparation of bibliographies and similar publications,
and the purchases of new books.

APPROPRIATIONS FOR THE DEPARTMENT OF AGRICULTURE
FOR THE FISCAL YEARS ENDING JUNE 30, 1398, 1399, AND 1900.

Object of appropriation. 1899. 1900.

Salaries. Department of Agriculture
Furniture, cases, and repairs. Department of Agriculture
Library, Department of Agriculture
Museum. Department of Agriculture
Postage, Department of Agriculture
Contingent expenses. Department of Agriculture -

Animal quarantine stations -

Collecting agricultural statistics
Botanical investigations and experiments
Entomological investigations
Vegetable pathological investigations
Biological investigations
Pomological investigations
Laboratory, Department of Agriculture
Forestry investigations .

Experimental gardens and grounds, Department of Agricul-
ture.

Soil investigations 1

Grass and forage plant investigations
Fiber investigations _

Agricultural experiment stations [$755,000,1898: §700,000,1899;
J76a,009, 1900]i

Nutrition investigations.-
Public-road inquiries _..
Publications, Department of Agriculture
Sugar investigations -

Purchase and distribution of valuable seeds
Salaries and expenses, Bureau of Animal Industry
Irrigation information
Tea-culture investigations

$319,300
9,000
7,000
3,000
3,000

25,000
12.000

110,000
15, 000
20,000
20.000
17, 500
8,000
13,400
20,000

25,000
10,000
10,000
5,000

35,000
15,000
8,000

65,000
5,000

130,000
675,000

$319,300
9,000
6,000
1,500
2,000

25,000
12,000
105,000
20,000
20,000
20,000
17,500
9,500

12,400
20,000

20,000
10,000
10,000

40,000
15,000
8,000
65,000
7,000

130,000
900,000
10,000

Total.

Weather Bureau.

Salaries, Weather Bureau.
Fuel, lights, and repairs, Weather Bureau
Contingent expenses. Weather Bureau
< Jenerai expenses. Weather Bureau
Meteorological observation stations
Erection of building at Sault Ste. Marie, Mich

I to buildings and grounds, Bismarck, N. Dak
Building addition to Western Bureau building, Washington.

Total for Weather Bureau

1,581,200

150,540
8,000
8,000

717, 162

8X3,702

Grand total. 2,467,902

1,814,200

153,340
6,000
8,000

765, 1(52

75,000
3, 000
3,000

1,015,502

i, 829, 702

$336,340
10,000
5,000
1,500
2,000
25,000
12.000

110,000
20,000
20.000
20.000
17,500
9,500

17. 700
40,000

28.000
20.000
12,000

45.000
15.000
8. 000

80,000
7,000

130.000
950,000
35,000
1.000

1,9S3,540

153.320
8,000
8,000

768,168
60, 000

25. 000

1,022,482

3,006,022

1 Of these amounts $720,000 is annually paid directly to the experiment stations by the United
States Treasury.
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AGRICULTURAL COLLEGES AND OTHER INSTITUTIONS IN THE
UNITED STATES HAVING COURSES IN AGRICULTURE. 1

StatecrTerritory. Name of institution. Location. President.

Alabama State Agricultural and Me-
chanical College (Alabama
Polytechnic Institute (.

State Normal and Industrial
School.

Arizona University of Arizona
Arkansas Arkansas Industrial Univer-

sity.
Branch Normal College

California University of California

Colorado

Auburn W. L. Broun, M. A.. LL.D.

Normal

.

Tucson _..

Fayetteville

Pine Bluff.
Berkeley..

Connecticut
Delaware ...

Florida .

1

Idaho ..

Illinois

.

Indiana
Iowa ...

Kansas

Kentucky.

Louisiana

.

Maine
Maryland .

husetts.

Michigan

Minnesota .

ssippi

Missouri

.

Montana .

Nebraska

.

Nevada . _.

New Hampshire.

New Jersey

New Mexico.

New York ...

The State Agricultural Col-
E Colorado.

- Agricultural College ..

Delawar* College
State College for Colored Stu-
dents.

! ricultural College
Florida State Normal and In-
dustrial College.

jiaStateCollege of Agri-
cultureand Mechanic Arts.

Qe< Tgia State Industrial Col-
lege.

University of Idaho
University of Illinois

Purdue University
Iowa State College of Agri-
cultureand Mechanic Arts.

Kansas Suite Agricultural
Colli

Agricultural and Mechanical
Kentucky.
d School for Col-

ored Per-'
Louisiana State University
and Agricultural and Me-
chanic al<

Southern Universityand Ag-
ricultural and Mechanical
College.

The University of Mail
Maryland Agricultural Col-

Agncultural
College.

Massachusetts Institi:
Technology.

Michigan State Agricultural
College.

The University of Minnesota
Missis-si],]); Agricultural and
Mechanical College.

Alcorn Agricultural and Me-
chanical College.

School of Agriculture and
Engineering of the Univer

! Missouri.
School of Mines and Metal-
lurgy of the University of
Missouri.

Lincoln Institute -

The Montana College of Agri-
culture and Mechanic Arts.

The University of Nebraska.
Nevada State University

Fort Collins

Rtorrs...
Newark.
Dover...

Lake City
Tallaha --

Athens .

Moscow
Urbana

•tte

Ames

The New Hampshire College
of Agriculture and the Me-
chanic Arts.

Rutgers Scientific School (The
New Jersey State College
for the Benefit of Agricul-
ture and the MechanicArts )

.

The New Mexico College of
Agriculture and Mechanic
Arts.

Cornell University

Manhattan ...

Lexington

Frankfort

Baton Rouge .

New Orleans .

< trono
College Park

Amherst

Boston

A gricultural Col-
lege.

Minneapolis
Agricultural Col

lege,
Westside

Columbia

Rolla

Jefferson City.
Bozemau

Lincoln
Reno . .

.

Durham

New Brunswick

Mesilla Park

Ithaca

W.H.Councill.Ph.D.

M. M. Parker. M. A.
J. L. Buchanan, M. A.,
LL.D.

J.C.Corbin.
B. I. Wheeler, Ph. D.,
LL.D.

B. <>. Aylesworth, M. A.,
LL.D."

G. W. Flint. M. A.
G. A. Harter. M. A.. Ph. D.
W.C.Jason,M.A.,B.D.

W. F. Yocum, M. A.. D. D.
T. De S. Tucker, M. A.

H.C. White, Ph.D.

R.R.Wright.

J. P. Blanton. M. A.. LL. D.
A. S. Draper. LL. D.

W. M. Beardshear, M. A..
LL.D.

E.R.Nichols, MA.

J. K. Patterson, Ph. D.,
LL. D.

J. E. Givens, B. A.

T. D. Boyd, M. A., LL.D.

H.A.Hill.

A. W. Harris, D.Sc.
R. W. Silvester.

H.H.Goodell.LL.D.

Henry S. Pritchett.

J. L. Snyder, M. A., Ph.D.

C. Northrop, LL.D.

W. H. Lanier, B. A.

R. H. Jesse, LL. D.

R. H. Jesse, LL. D.

J. H. Jackson, B. A.. M. A
J. Reid, A. B.

C. E. Bessev, Ph. D., LL. D.
J. E. Stubbs, M. A., D. D.,
LL. D.

C.S. Murkland,M.A.,Ph.D.

Austin Scott, Ph. D.,LL. D.

F. W. Sanders, Ph. D.

J. G. Schurman, M. A.,
D. Sc, LL. D.

1 Including only institutions established under the land-grant act of July 2, 1S63.
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AGRICULTURAL EXPERIMENT STATIONS OF THE UNITED
STATES, ETC.—Continued.

s, locations, and directors Principal lines of work.

I nia, Berkeley:
E. W.Hilgard....

Colorado, F<

L.G-. Carpenter

c< mnecticut ( state 1, NewHaven:
E. H.Jenkins

Connecticut Storrs:
W.O.Atwater

Delaware. Newark:
A.T.Neale

a, Lake City:
W. !". VcH-uin...

i, Experiment:
R.J.Redding ....

Idaho, Moscow:
J.P. B

Illinois, Urbana:
E. Davenport

Indiana, Lafayette:
C.S. I'lum'ii

Iowa, Ames:
1 lurtiss

Kansas. Manhattan:
J.T.Willard....

Kentucky, Lexington:
M. A. Scovell

. aa i Sugar). New Orleans:
Wiiliam C. Stubbs

83

na (State), Baton ;

William C.StubbS....

Louisiana I North I, < 'alhoun:
William C. Stubbs

Maine, Orono:
C. D. Woods.

Maryland. College Park:
H. T. Patterson.

Physics: chemistry and geographical distribu-
tion of soils; fertilizers; field crops; horti-
culture; botany; meteorology; technology
of wine and olive oil, including zymology;
chemistry of foods and feeding stuffs; ento-
mology; drainage and irrigation: reclama-
tion of alkali lands: plant introduction.

Chemistry; botany; meteorology: field exper-
iments: horticulture; entomology: irriga-
tion.

Analysis and inspection of fertilizers, foods,
and feeding stuffs; chemistry; diseases <>t

plants: horticulture; field experiments; en-
tomoh

Food and nutrition of man and animals: bac-
teriology of dairy products: field experi-
ments: dairying.

nistry; field experiments: horticulture;
diseases of plants: reeding experiments; dis-
eases of animals: entomology: dairying.

chemistry: field experiments; horticulture;
entomology.

ixperiments; horticulture: entomology;
mycology; pig feeding: dairying.

10 Physics; chemistry: botany; field experi-
ments; horticulture; entomology; feeding
experiments.

Chemistry; bacteriology; field experiments;
horticulture: forestry; diseases of plants;
feeding experiments; 'entomology: dairying.

Chemistry; pot and field experiments; horti-
culture; feeding experiments: diseases oi
plants and animals.

13 Chemistry: bacteriology: field experiments;
horticulture; diseases of plants: feeding ex-
periments; entomology: dairying.

14 Soils: horticulture: seed breeding: field exper-
iments: feeding and digestion experiments;
diseases of animals: entomology.

Chemistry; soils: fertilizer analysis: field ex-
periments: horticulture: diseases of plants;
entomology; dairying.

Chemistry: bacteriology; soilsand soil phys-
ics; field experiments: horticulture; sugar
making: drainage; irrigation.

Chemistry: geology; botany: bacteriology;
soils: field experiments; horticulture;
ing experiments: entomology.

Chemistry: soils: fertilizers: field experi-
ments: horticulture: stock raising: dairying.

Chemistry; botany: analysis and inspection
of fertilizers ami concentrated commercial
feeding stuffs: horticulture: diseases of
plants: seed tests: food and nutrition of man
and animals; poultry raising; diseases of
animals; entomology; dairying.

Chemistry: soils: field experiments: horticul-
ture: diseases of plants; feeding experi-
ments; entomology.

1 A 99- 43
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ber on
staff.
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AGRICULTURAL EXPERIMENT STATIONS OF THE UNITED
STATES, ETC.—Continued.

Num-
Statipns, locations, and directors, ber on

staff.

Num-
ber of
teach-
ers on
staff.

Principal lines of work.

Oklahoma. Stillwater:
John T. Fields

Oregon, CorvaUis:
T.M.Gatch

lvania, State College:
H.P.Armsby

Ehode Island,fongston:
A. A. Brigham

South Carolina, Clemson College
ii. s. Hartzog

South Dakota, Brookings:
J. II. Shepard

Tennessee, Knoxville:
C. W.Dabney...

Texas, < lollege Station:
J. H. Council

Utah, I.

L. Foster

out. Burlington:
J. L. Hills

Virginia, Blacksburg:
J.M.McBrj

Washington, Pullman:
E. A. Bryan •-...

Virginia, Morgantown:
J. II. Stewart...

asin, Madison:
W. A. Henry

12

18

12

13

11

12

Lfi

11

12

10

11

12

20

Wyoming, Laramie :

E. E. Smiley

12

Botany; field experiments: horticulture; dis-

eases of plants; digestion and feeding ex-
periments; diseases of animals; entomology.

Chemistry: soils: field crops; horticulture;
diseases of plants: digestion and feeding ex-
periments; entomology; dairying.

Chemistry; meteorology; fertilizer ana]
field experiments; feeding experiments;
dairying.

Chemistry: meteorology: soils: field and pot
exp sriments; horticulture; diseasesofpi
poultry experiments; oyster culture.

Soils: i 1 control of fertilizers: field

experiments; horticulture; plant breeding;
diseases of plants: feeding experiments; vet-
erinary science; entomology; dairying.

Bacteriology; chemistry of soils and soil phys-
experiments; forestry: diseasesof

feeding
irrigation.

experiments; entomology;

Chemistry; botany; fertilizers; field experi-
ments; horticulture; animal production;

lology; dairying.

Chemistry; soils; fertilizers; field experi-
ments: horticulture; feeding dairy cows;

p husbandry; diseasesof animals; irri-

gation.

ttry of soils and feeding stuffs; alkali
soil investigations; a

periments; horticulture; forestry: diseases
of plants; cattle and sheep breeding: feed-

experiments; dairying: poultry experi-
ments.

Chemistry: analysis and control of fertilizers
and iffs; field experiments; horti-
culture: disease' of plants; feeding experi-
ments; diseases of animals; dairying.

fertilizers; diseases of plants;
aents; diseases of animals;

entomology.

beriology; field experi-
ments Iture; diseasesof plants; feed-
ing experiments; entomology.

Chemistry; analysis and control of fertilizers;
field experiments; horticulture; feeding ex-
periments; poultry experiments; entomol-
ogy.

Chemistry: soils; field experiments: horticul-
ture; feeding experiments: diseases of ani-
mals; dairying; drainage and irrigation.

Geology: botany; meteorology: waters: soils;

fertilizers; field experiments: food anai\ sis;

feeding experiments; entomology.
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NOTES REGARDING DEPARTMENT PUBLICATIONS.

The publications of the U. S. Department of Agriculture are mainly of three
general classes:

I. Publications issued annually, comprising the Yearbooks, the Annual Reports
of the Department, the Annual Reports of the Bureau of Animal Industry, and
the Annual Reports of the Weather Bureau.

II. Other Departmental reports, divisional bulletins, etc. Of these, each bureau,
division, and office has its separate series in which the publications are numbered
consecutively as issued. They comprise reports and discussions of a scientific

or technical character.
III. Farmers* bulletins, divisional circulars, reprinted Yearbook article-, and

other popular papers.
The publications in Class I are distributed by the Department and by Senators

and Representatives in Congress. For instance, of the 500,000 copies of the Year-
book usually issued, the Department is only allotted 30.000. while the remaining
470,000 copies are distributed by Members of Congress. The Department "s sup-
ply of the publications of this class is, therefore, limited and consequently has to

be reserved almost exclusively for distribution to its own special coi*respondents,
and in return for services rendered.
The publications of Class II are not for distribution by Members of Congress,

and they are not issued in editions large enough to warrant free general distribu-
tion by the Department. The supply is used mainly for distribution to those who
cooperate with the Department or render it some service, and to educational and
other public institutions. A sample copy of this class of publications can usually
be sent on application, but aside from this, the Department generally finds it

necessary to refer applicants to the Superintendent of Documents, of whom
further mention is made below.
The publications of Class III treat in a practical way of subjects of particular

interest to farmers. They are usually issued in large editions, and are for free
general distribution by the Department. The farmers" bulletins are also for dis-

tribution by Senators and Representatives in Congress, to each of whom is

furnished annually, according to law, a quota of several thousand copies for dis-

tribution among his constituents.
A limited supply of nearly all the publications in Classes I and II is, in com-

pliance with the law, placed in the hands of the Superintendent of Documents for
sale at cost of printing. Application for these should be addressed to the Super-
intendent of Documents, Union Building. Washington, D. C and should be
accompanied by postal money order payable to him for the amount of the price.

No postage stamps or private checks should be sent. The Superintendent of
Documents is not permitted to sell more than one copy of any public document
to the same person. The Public Printer may sell to one person any number not
to exceed 250 copies if ordered before the publication goes to press.

The Secretary of Agriculture has no voice in designating the public libraries

which shall be* depositories of public documents. Of the distribution of docu-
ments to such depositories, including the publications of this and all other
Departments of the Government, the Superintendent of Documents has full

charge.
For publications of the Weather Bureau requests and remittances should be

directed to the Chief of the Weather Bureau.
The Department has no list of persons to whom all publications are sent. A

monthly list is issued on the first clay of each month giving the titles of all publi-

cations issued during the previous month with all the explanations necessary to

enable applicants to order intelligently. This list will be mailed regularly to all

who apply for it. The Department also issues and sends out to all who apply for

them a complete list of all publications of which the Department has a supply for

free distribution, and a similar list of all the Department's publications for sale

by the Superintendent of Documents.

PUBLICATIONS ISSUED JANUARY 1, 1899, TO DECEMBER 31, 1899.

The following publications were issued by the United States Department of

Agriculture during the year January 1. 1899, to December 31, L899. Those to

which a price is attached, with the exception of publications of the Weather
Bureau, must be obtained of the Superintendent of Documents. Union Building,
Washington, D. C, to whom are turned over all copies not needed for official use,

in compliance with section 07 of the act providing for the public printing and
binding and the distribution of public documents. Remittances should be made
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to him by postal money order. Weather Bureau publications to which a price is

attached must be obtained from the Chief of that Bureau. Applications for those
that are for free distribution should he made to the Secretary of Agriculture.
Washington, D. C.

OFFICE OF THE SECRETARY.
Copies.

Report of the Secretary for 1899 30. 1 100

Farm Drainage. Farm. Bui. 40. Reprints 15,000
Marketing Farm Produce. Farm. Bui. 62. Reprints 20. 000
S wage Disposal on the Farm and the Protection of Drinking Water.
Farm. Bui. 43. Reprint 30,000

Washed Soils: How to Prevent and Reclaim Them. Farm. Bui. 20.

—

Reprints 15, 000
Curing and Fermentation i »f Cigar-Leaf Tobacco. Rept. 59 3, 500
Tobacco: Instructions for Its Cultivation and Curing. Farm. Bui. 6.

Reprint 500
Spraying Fruits for Insect Pests and Fungous Diseases, with a Special
Consideration of the subject in Relation to the Public Health. Farm.
Bui. 7. Reprint 500

The Rape Plant: Its History, Culture, and Uses. Farm. Bui. 11.

Reprint . . .
.' 500

The Hawaiian Islands. Reprinted from Yearbook for 1898 2,000
The Present Condition of Crape Culture in California. Reprinted from
Yearbook for 1898 500

Temperature Changes in Fermenting Piles of Cigar-Leaf Tobacco.
Rept. 60 5. 000

Tea culture. The Experiment in South Carolina. Report 01. 10 cents 5,000
Cultivation of Cigar-Leaf Tobacco in Florida. Report 62. 10 cents.. ..

' 6,000

CONGRESSIONAL PUBLICATIONS.

Fifteenth Annual Report of the Bureau of Animal Industry, for the Fis-

cal Year 1898. 75 cents 30,500
Annual Reports of the Department of Agriculture for the Fiscal Year
ended June 30, 1898 3,000

Letter from the Secretary of Agriculture, transmitting a detailed state-
ment of the expenditures of all the appropriations in the Department
of Agriculture for the fiscal year ending June 30, 1898, including sup-
plemental accounts to date. House Doc. No. 23, 55th Cong., 3d sess 1, 722

operations of the Bureau of Animal Industry for the Fiscal Year ended
.Tune 30, L898. S. uate Doc. No. 55. 55th Cong., 3d sess l. 702

Special Report on the Market for American Horses in Foreign Countries. 20,000
A Report on the Work and Expenditures of the Agricultural Experiment

Stations for the Year ended June 30, 1898 1.722
A second Report to Congress on Agriculture in Alaska. Including Reports
by C. C. G-eorgeson and Walter H. Evans, prepared under the direction
or A. C. True, Director of the Office of Experiment Stations 1.722

Lness of Reservoirs to Agriculture in the Irrigated Regions.
R< sponse of Secretary of Agriculture to Senate Resolution of February
8, L899. Senate Doc.No. 121.55th Cong., 3d sess . 3.0(H)

Report of the Chief of the Weather Bureau, 1897-98. In 7 parts. Part I.

Administrative report. Parts II. III. IY. Y. and VI, Climatology of the
Year. Part YII. Climate of Cuba and Miscellaneous Papers 4,000

Yearbook of the U. S. Department of Agriculture. 1898. 60 cents 500. 000
Progress of the Beet-Sugar Industry in'the United States in 1898. Part

I, by Charles F. Savior. Special Agent. Part II. by H. W. Wiley. Chem-
ist of the U. S. Department of Agriculture ... .. 50,000

Report upon the Forestry Investigations of the U. S. Department of
Agriculture. 1877-1898. House Doc. No. 181, 55th Cong.. 3d sess 1 . 734

DIVISION OF AGROSTOLOGY.

Sorghum as a Forage Crop. Farm. Bui. 50. Reprint 25, 000
Meadows and Pastures: Formation and Cultivation in the middle Eastern

States. Farm. Bui. 66. Reprint 40.000
Experiments in Range Improvement. Cir. 8, with reprint 8. 000
Division of Agrostology. Reprinted from Yearbook for 1897 2, 000
Lawns and Lawn Making. Reprinted from Yearbook for 1897 5. 000
New Species of North American Grasses. Cir. 9 . 1 , 200
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Copies.

Alfalfa, or Lucern. Farm. Bui. 31. Reprints 20.000
The Soy Bean as a Forage Crop. Farm. Bui. 58. Revised edition 10, 000
Cattle Ranges of the Southwest: A History of the Exhaustion of the
Pasturage and Suggestions for Its Restoration. Farm. Bui. 72. Re-
print 10,000

Cowpeas. Farm. Bui. SO, with reprint. 30, 000
Grazing Problems in the Southwest and How to Meet Them. Bui. 16.

5 cents 6. 000
Poa Fendleriana and ItsAllies. Cir. 10 1.000
The Flat Pea. Cir. 11 10,000
Rape as a Forage Plant. Cir. 12, with reprint 10. 000
Millets. Reprinted from Yearbook for 1898 3, 000
Recent Additions to Systematic Agrostology. Cir. 15 1, 200
New Species of North American Grasses. Cir. 16 1,1 >00

Sand-binding Grasses. Reprinted from Yearbook, 1898 2.i 100

Millets. Farm. Bui. 101 . 25,000
Southern Forage Plants. Farm. Bui. 102 30. 000
Crimson Clover. Cir. 17 10. 000
Smooth Brome-grass. Cir. 18 10, 000
Forage Plants for Cultivation on Alkali Soils. Reprinted from Yearbook

for 1898 1.000
American Grasses—II. Bull. 17. 20 cents . 1,000
Studies on American Grasses: A Synopsis of the Genus Sitanion. Bui. 1*.

5 cents 1.500
The Structure of the Caryopsis of Grasses with Reference to their
Morphology and Classification. Bui. 19. 10 cents 1. 500

Florida Beggar Weed (Desmodium tortuosum ) . Cir. 13. . . 10. 000
The Velvet Bean (Mucuna utilis) . Cir. 14 10, 000

BUREAU OF ANIMAL IXDUSTRY.

Hog Cholera and Swine Plague. Farm. Bui. 21. Reprint 40, 000
The Dairy Herd: Its Formation and Management. Reprints. Farm.
Bui. 55 25,000

Butter Making on the Farm. Farm. Bui. 57. Reprint 30, 000
Ducks and Geese: Standard Breeds and Management. Farm. Bui. 64.

Reprints . . 35, 000
U tiiization of Bv-Products of the Dairy. Reprinted from Yearbook for

1897 . . 7,500
Directions for the Pasteurization of Milk. Cir. 1. Revised edition. Re-
print 2. 500

Standard Varieties of Chickens. Farm. Bui. 51. Revised edition. Re-
print 60,000

The Serum Treatment of Swine Plague and Hog Cholera. Bvd. 23. 5

cents . 10, 000
Factory Cheese and How It is Made. Cir. 19. Reprint 1, 000
Facts about Milk. Farm. Bui. 42. Reprints 40, 000
Preliminary Catalogue of Plants Poisonous to Stock. Reprint from Fif-
teenth Annual Report 5, 000

Experimental Exports of Butter, 1897. Reprinted from Fifteenth Annual
Report, with reprint 13, 500

Care of Milk on the Farm. Farm. Bui. 63. Reprints 25, 000
Asthenia (Going Light) in Fowls. Laboratory Methods for the Diagnosis

of certain Micro-organismal Diseases. Vitality and Retention of Viru-
lence by Certain Pathogenic Bacteria in Milk and Its Products. Re-
printed from Fifteenth Annual Report .

r
;i )0

Breeds of Dairy Cattle. Reprinted from Fifteenth Annual Report 5, 000
Breeds of Dairy Cattle. Farm. Bui. 106. 30. 000
Blackleg in the United States and the Distribution of Vaccine by the
Bureau of Animal Industry. Reprinted from Fifteenth Annual Report 10, 000

Scales of Points in Use in the United States for Judging the Dairv Breeds
of Cuttle. Cir. 27 2,000

National and State Dairy Laws. Reprinted from Fourteenth Annual
Report. Reprint 2,000

Blackleg: Its Nature, Cause, and Prevention. Cir. 23. Revised edition
and V( 'print 15, 000

Officials Associations and Educational Institutions connected with the
Dairy Interests of tlw United States for the year 1899. Cir. 26 5, 000
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Copies.

Results of Experiments with Inoculation for the Prevention of Hog
Chi >lera. Farm. Bui. 8. Reprint 500

The Preparation and Use of Tuberculin. Reprinted from Yearbook for

1898 5,000
Cattle Dipping: Experimental and Practical. Reprinted from Yearbook

for 1898.... ---- 5,000

DIVISION OF BIOLOGICAL SURVEY.

Some Common Birds in Their Relation to Agriculture. Farm. Bui. 54.

Reprint . 20. 000

Life Zones and Crop Z< >nes < >f the United States. Bui. 10. 1 1
> cents 1

.

North American Fauna No. 14. Natural History of the Tres Marias
Islands. Mexico. General Account of the Islands, with Reports on
Mammals ami Birds. By E. "NY. Nelson.—Reptiles of the Tres Marias.

By Leonhard Stejneger.—Notes on Crustacea of the Tres Marias. By
Mary J- R - Rathbun.—Plants of the Tres Marias. By J. N. Rose.—Bib-
liography of the Tres Marias. ByE.W. Nelson. 10 cents 3,000

North American Fauna No. 16. Results of a Biological Survey of Mt.
Shasta. California, 20 rents .... 1,500.

'

raphic Distribution of CerealsinNorth America. Bui. 11. 10 cents. 1.500
North American Fauna No. 15. Revision of the Jumping Mice of the

usZapus. 5 cents , 3.000
Reptiles of the Tres Marias and Isabel Islands. Reprinted from North
American Fauna No. 14 100

Notes on the Crustacea of the Tres Marias Islands. Reprinted from
North American Fauna No 14 100

- of the Tres Marias Islands. Reprinted from North American
Fauna No. 14 -. 100

The Danger of Introducing Noxious Animals and Birds. Reprinted
arbook foi 1898 3. cm)

Birds as Weed Destroyers. Reprinted from Yearbook for 1898.. 3.000
North American Fauna No. 10. Revision of the Shrews of the American
Genera Blarina and Notiosorex. By C. Hart Merriam.—The Long-
tailed Shrews of the Eastern United States. By Gerritt S. Miller, jr.

—

Synopsis of the American Shrews of the Genus Sorex. Reprint.
1 5 cents 1 , 000

North Am ana No. L2. Genera and Subgenera of Voles and
Lemmings. By Gerritt S. Miller, jr. Reprint. lOcents 1,000

North American Fauna No. 13. Revision of the North American Bats of

the Family Vespertilii tnidse. Reprint. 10 cents 1 , 000

The Blue Jay and Its Fi m >d. Reprinted from Yearbook for 1> : :»<> 1. 500

The Meadow Lark and Baltimore Oriole. Reprinted from Yearbook for

15 -- 1,500

DIVISION OP BOTANY.

Is: And How to Kill Them. Farm. Bui. 28. Reprints. 1899 20, 000
linst Weeds. Bui. 17. Reprint. 5 cents 500

Vanilla Culture as Practiced in the Seychelles Islands. Bui. 21. Scents. 2,000

TheFlatPea. Cir. 4. Reprint 500

Thirty Poisonous Plants of the United States. Farm. Bui. 86, with re-

print 50,000
The Superior Value of Large, Heavy Seed. Reprinted from Yearbook

for 1896.. -... 500
Additional Notes on Seed Testing. Reprinted from Yearbook for 1897 _

.

500

The Water Hyacinth and Its Relation to Navigation in Florida. Bui. 18.

Reprint Scents 500

The Section of Seed and Plant Introduction. Cir. 16
Crims. >n Clover Seed. Cir . IS 53. 000

Contributions to the United States National Herbarium. Vol. V. No. 4.

25 cents 1,000
Hop Cultivation in Bohemia. Cir. 19 5. 000

The Present Status of Rice Culture in the United States. Bui. 22. 10

cents - 4,000
Inventory No. 2 of Foreign Seeds and Plants 5,000
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Copies.
Contributions from the U. S. National Herbarium. Vol. III. Reports on

Collections, Revisions of Groups, and Miscellaneous Papers. Revisions
of North American Gramina? and Cactaca?a. Studies of Special Groups
and Catalogues of Plants collected in Nebraska, Idaho, South Dakota,
Kansas. Wyoming. Alaska, and Mexico, with Geographic Reports and
Descriptions of New Genera and Species. $1.15 500

Weeds in Cities and Towns. Reprinted from Yearbook for 1898 2, 000
Can Perfumery Farming Succeed in the United States? Reprinted from
Yearbook for 1898 2. 500

Grass Seed and Its Impurities. Reprinted from Yearbook for 1898 2. 500
Observations on Cases of Mushroom Poisoning in the District of Colum-

bia. Cir.13. Third edition. Reprint 2,000
Notes on the Plant Products of the Philippine Islands. Cir. 17 8, 500
The Russian Thistle and Other Troublesome Weeds in the Wheat Region

of Minnesota and North and South Dakota. Farm. Bui. 10. Reprint- 500

DIVISION OF CHEMISTRY.

The Sugar Beet: Culture, Seed Development. Manufacture, and Statistics.
Farm. Bui. 52. Revised edition with reprints 55, 000

Food and Food Adulterants. Bui. 13. Part IX. Reprint. 15 cents 1,000
Methods of Analysis Adopted by the Association of Official Agricultural

Chemists, Nov. 11, 12, and 14, 1898. Bui. 46. Revised edition. Reprints.
10 cents 3, 000

Proceedings of the Fifteenth Annual Convention of the Association of
Official Agricultural Chemists, held at Washington, D. C, Nov. 11, 12,

and 14, 1898. Bui. 56, with reprint. 10 cents '

1 2, 000
Chemical Examination of Canned Meats. Cir. 5 2. 000
Potash and Its Function in Agriculture. Reprinted from Yearbook for

1896. Reprint 500
Every Farm an Experiment Station. Reprinted from Yearbook for 1897 500
Experiments with Sugar Beets, 1897. Bui. 52. Revised edition. 20 cents 1.000
Culture of the Sugar Beet. Farm. Bui. 3. Reprint 500
Nostrums for Increasing the Yield of Butter. Farm. Bui. 12. Reprint. - 500
The Manufacture of Sorghum Sirup. Farm. Bui. 90 25, 000
Utilization of Residues from Beet-Sugar Manufacture in Cattle Feeding.
Reprinted from Yearbook for 1898. 1 . 000

DIVISION OF ENTOMOLOGY.

Insects Affecting the Cotton Plant. Farm. Bui. 47. Reprint. _ 10, 000
The Peach Twig Borer: An Important Enemy of Stone Fruits. Farm.
Bui. 80 I 25, 000

The True Clothes Moths
(
Tinea pellionella et al.). Cir. 36. second series.

Reprint . 2, 000
Preliminary Report on the Insect Enemies of Forests in the Northwest.

Bui. 21 , new series. 5 cents 2, 500
The Laisser-Faire Philosophy Applied to the Insect Problem. Reprinted
from Bui. 20. new series 100

Proceedings of the Eleventh Annual Meeting of the Association of Eco-
nomic Entomologists. Bui. 20, new series. 10 cents 2. 500

The Principal Insect Enemies of the Grape. Farm. Bui. 70. Reprint ... 10, 000
Insect Enemies of the White Pine. Reprint from Bui. 22, new series 500
The Hop-Plant Louse and the Remedies to be Used Against It. Cir. 2.

second series. Reprint 2. 000
The Honey Bee: A Manual of Instruction in Apiculture. Bui. 1. new

series. Third edition. Reprint. 15 cents 1,000
Insects Affecting Domestic Animals. An Account of the Species of
Importance in North America, with Mention of Related Forms Occur-
ring on Other Animals. Bui. 5, new series. Reprint. 20 cents 1, 000

Important Insecticides: Directions for their Preparation and Use. Farm.
Bui. 19. Fourth revised edition. Reprint 15,000

Bee Keeping. Farm. Bui. 59. Reprint. June, 1899 ... .. 20.0(H)

Proceedings of the Tenth Annual Meeting of the Association of Eco-
nomic Entomologists, held at Boston, Mass., August 19 and 20. L898.
Bui. 17, new scries. 10 cents. _ . 2.500

The Hessian Fly in the United States. Bui. 16. new series. 10 cents 5, 000
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< !( pies.

Some Miscellaneous Results of the Work of the Division of Entomology.
Bui. 18, new series. 10 cents... 5,000

The Use of Hydrocyanic Acid Gas for Fumigating Greenhouses and Cold
Frames. Cir. 37, second series, with reprint 8, 500

The San Jose Scale. From Bui. 18. new series 500
A New C< >ceid on Birch. Reprinted from Bill. 18, new series. . 500
A Destructive Borer Enemy of Birch Trees, with notes on Related Species.

Reprinted from Bui. 18, new series, with reprint 700
S: ime Insects Injurious to Stored Grain. Farm. Bui. 45. Reprint 15. 000
The Principal Insect Enemies of the Grape. Farm. Bui. TO. Reprint . . _ 15,000
Some Insects Injurious to Garden and Orchard Crops. Bui. 19. new

series, in cents 5.000
The Squash-Vine Borer {Melittia satyHniformis Hbn.) . Cir. 38, second

series 3. I 100

The Common Squash Bug (Anasa tristis De G.). Cir. 39, second series ._ 10,000
The Principal Insects Affecting theTobacco Plant. Reprinted from Year-
book for 1898 500

Insects Injurious to Beans and Peas. Reprinted from Yearbook for 1898. 2, 500
The Principal Household Insects of the United States, with a Chapter on

bisects Affecting Dry Vegetable Foods. Bui. 4, new series. Reprint.
[0 cents... . 1,000

Th< Army Worm
i
Leucania unipuncfa Haw.). Cir. 4, second series. Re-

print .. 2, 000

The < >x Warble | HypocU i ma lineata Villers). Cir. 25, second series. Re-
print 3, 1 100

Threelnseci Enemies of Sha Farm. Bui. '.to 20,000

1.
1 IH K OF EXPERIMENT stations.

Experimenl Station Record. A condensed record of the contents of the
bulletins and reports issued by the Agricultural Experiment Stations of

the United States, and also a brief review of agricultural science of the
world. 10 cents per number. Vol. X, Nos. 4-12; Vol. XI, Nos. 1-3 . 55,000

Barnyard Manure. Farm. Bui. 21. Reprints.. 35,000
Poods: Nutritive Value and Cost. Farm. Bui. 23. Reprint 10,000
Sweet Potatoes: Culture and Uses. Farm. Bui. 20. Reprints 30,000
Silos and Silage. Farm. Bui. 32. Reprint .... 25.000

Meats: Composition and Cooking. Farm. Bui. 34. Reprint 10.000
Fowls: Care and Feeding. Farm. Bui. 41. Reprint 30.000

The Manuring of Cotton. Farm. Bui. 48. Reprint 20,000
Experiment Station Work—I. Farm Bui. 56. Reprint 15,000
Experiment Station Work—III. Farm. Bui. 09. Reprint 25, 000
Experiment Station Work—VI. Farm Bui. 79. Reprint 20,000
Corn Culture in the South. Farm. Bui. 81. Reprint 25,000
TheFeedingof Farm Animals. Farm. Bui. 22. Reprints; 40,000
Peanuts: Culture and Uses. Farm. Bui. 25. Reprint 10,000
Potato Culture. Farm. Bui. 35. Reprints 50,000
Commercial Fertilizer-: Composition and Use. Farm. Bui. 44. Reprint. 30,000
Milk as Food. Farm. Bui. 74. Reprint 10,000
Experiment Station Work—II. Farm. Bui. 05. Reprint 25, 000
Experiment Station Work—IV. Farm. Bui. 73. Reprints. 20.000
Experiment Station Work—V. Farm Bui. 78. Reprint 15, 000
Souring and Other Changes in Milk Products. Farm. Bui. 29. Reprint. 10,000

- in Boiling Vegetables, and the Composition and Digestibility of

P> itatoes and Eggs. Bill. 43. Reprint. 5 cents 2. 000
Experiment Station Work—VII. Farm. Bui. 84. Reprint 25. 000
Fish as Food. Farm. Bui. 85. Reprint 20.000
Report of the Director for 1898. Reprint 2, 250
Dietary Studies in Chicago in 1895 and 1896. Bui. 55. 5 cents 3. 500
Organization Lists of the Agricultural Colleges and Experiment Stations

of the United States, with a List of Agricultural Experiment Stations
in Foreign Countries. Bui. 59. 10 cents 3, 500

Land Grant and Other Colleges and the National Defense. Cir. 40 2,000
Onion Culture. Farm. Bui. 39. Reprints 20,000
Sheep Feeding. Farm. Bui. 49. Reprints 25, 000
Tomato Growing. Farm. Bui. 70. Reprints 35, 000
Experiment Station Work—VIII. Farm. Bui. 87 45. 000
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Copies.

History and Present Status of Instruction in Cooking in the Public
Schools of New York City. Bui. 58. 10 cents 4,000

Water Bights on the Mississippi River and Its Tributaries. With papers
on the Water Laws of Colorado and of Nebraska. Bui. 58. With
reprint. 10 cents 11,000

Leguminous Plants for Green Manuring and for Feeding. Farm. Bui. 1G.

Reprint 20,000
Cotton Seed and Its Products. Farm. Bui. 36. Reprint 30, 000

Irrigation in Humid Climates. Farm Bui. 46. Reprint 10, 000

The Liming of Soils. Farm. Bui. 77. Revised edition, with reprint. - .. . 20,000

Methods and Results of Investigations on the Chemistry and Economy of

Food. Bui. 21. Reprint. 15 cents 500

Varieties of Corn. Bui. 57. 10 cents 3,000
Abstracts of Laws for Acquiring Titles to Water from the Missouri River
and its Tributaries with the Legal Forms in Use. Bui. 60. with reprint.

10 cents 4, 000

Statistics of the Land-Grant Colleges and Agricultural Experiment Sta-

tions of the United States for the"Year ending June 30, 1898. Bui. 64.

5 cents 3,000
Experiment Station Work—IX. Farm. Bui. 92 , 30, 000

Proceedings of the Twelfth Annual Convention of the Association of

American Agricultural Colleges and Experiment Stations, at Wash-
ington. D. C, November 15-17, 1898. and reprint. Bui. 65. 10 cents 2,000

The What and Why of Agricultural Experiment Stations. Farm. Bui. 1.

R eprint 500

The Work of the Agricultural Experiment Stations. Farm. Bui. 2. Re-
print . . 500

Milk Fermentations and their Relation to Dairying. Farm. Bui. 9. Re-
print _... 500

Forage Plants for the South. Farm. Bui. 18. Reprint 500

Sugar as Food. Farm. Bui. 93 20,000

Some Types of American Agricultural Colleges. Reprinted from Year-
book for 1898 500

Some Results of Dietary Studies in the United States. Reprinted from
Yearbook for 1898 3,500

Agricultural Experiments in Alaska. Reprinted from Yearbook for 1898. 200

Investigations on the Metabolism of Milch Cows. Reprinted from
Experiment Station Record, Vol. X, Nos. 9 and 10 200

A Compilation of Analvses of American Feeding Stuffs. Bui. 11.

Reprints. 1 cents 1 , 000

The Chemical Composition of American Food Materials. Bui. 38.

Revised edition. 5 cents 5, 000
Nutrition Investigations at the University of Tennessee in 1896 and 1897.

Bui. 53. Reprint. , 5 cents . 500

Description of a New Respiration Calorimeter and Experiments on the
Conservation of Energy in the Human Body. Bui. 63. 10 cents 2, 000

Selection and Its Effect "on Cultivated Plants. Reprinted from Experi-
ment Station Record, Vol. XI, No. 1 --- 200

Studies on Bread and Bread Making. Bui. 67. 10 cents 4, 000

Experiment Station Work—XL Farm. Bui. 103 30, 000
Experiments on the Metabolism of Matter and Energy in the Human
Body. Bui. 69. 10 cents 2,000

Water-right Problems of Bear River. Bui. 70. 15 cents 11. 000

Fourth Report of Committee on Methods of Teaching Agriculture.
Cir. 41 3,000

A Description of Some Chinese Food Materials and their Nutritive and
Economic Value. Bui. 68. 10 cents 3,000

Food—Nutrients—Food Economy. Cir. 43 . . . 5, 000
A Report to Congress on Agriculture in Alaska. Including Reports by
Walter H. Evans. Benton Killin, and Sheldon Jackson. Bui. 48. Re-
print. 10 cents 1.000

Experiment Station Work—XII. Farm. Bui. 105 30,000
Corn: Characteristics, Culture, and Uses. Farm. Bui. 38. Reprint. 15,000

Farmers' Reading Courses. Bui. 73. 5 cents -- 4,000
A Gcniuin Common School with a Garden. Cir. 42 15,000
Dietary Studies at the University of Tennessee in 1895. Bui. 29. Re-

print. 10 cents 1,000
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Copies.
Dietary Studies at University of Missouri in 1895, and Data Relating to
Bread and Meat Consumption in Missouri. Bui. 31 . Reprint. 5 cents. 1 , 000

Food and Nutrition Investigations in New Jersey in 1895 and 1S9G. Bui.
35. Reprint. 5 cents.. "... 1.000

Dietary Studies in New Mexico in 1895. Bui. 40. Reprint. 5 cents 1.000
A Report on the Work and Expenditures of the Agricultural Experiment

liens for the Year Ended June 30, 1898. Bui. 61. 15 cents 2. 200
A Second Report to Congress on Agriculture in Alaska. Bui. 02. 10
cents 2, 200

The Physiologic'! Effed of Creatin and Creatinin and Their Value as
Nutrients. ^ Bui. 2. 000

Raising Sheep for Mutton . Farm. Bui. 96 30, 000
Experiment Station W< >rk—X. Farm. Bui. 97 80, 000
Hog Raising in the South. Farm. Bui. 100 30, 000

OFFK 1". OF FIBER INVESTIGATIONS.

A Report on Flax Culture for Seed and Fiber in Europe and America.
Report 10, reprint. 10 .. 1,000

riptive Catalogue of Useful Fiber Plants of the World, including
the Structural and Economic Classification of Fibers. Report 9.

Reprint. 30 cents - 1.000
and Fiber in the United States. Farm. Bui. 27. Reprint. 10,000

[ON OF FOREIGN MARKETS.

Trade of Puerto Rico. BuL.13. Reprint. 5 cents 5,000
The World's Markets for American Products, Sweden. Bui. 8. Revised

edition.. 5 cents. 4,000
Report of the Chief of the Section of Foreign Markets for L898. Reprinted
from the Annual Reports of the Department of Agriculture. Reprint. 1, 500

Trade of the Philippine Islands. Bui. 14. with reprint. 10 cents. 13.000
Our Foreign Trade in Agricultural Products 1884-1898. Bui. 15.

I; sprint 3.000
Agricultural Imports and Exports. 1894-1898. Cir. 31, with reprint 37,500

DIVISION' OF FORESTRY.

Timber Physics: Bald Cypress (Taxodium distichum). Cir.

19. Reprint 4.000
Forestry for Farmers. Farm. Bui. 07. Reprint 15, <>00

Progress in Timber Physics. Cir. is. Reprint... 1,000
The Timber Pines of the Southern United Stat—. Bui. 13. Revised

edition. Reprint. 35 cents . 1.000
-

. >n S. >me Forest Problems. Reprinted from Yearbook for 1898 8, 100
Work of the Division of Forestry for the Farmer. Reprinted from Year-
book f( >r 1 898 ; 8, 100

A Primer of Forestry. Part I—The Forest. Bui. 24. 33 cents 10, 000
Notes on the V aditions of Porto Rico. Bui. 25. 10 cents 5, 000
TheWhitePine (Pinus Strobus Linn.). Bui. 22. 40 cents ._ 1,000
Practical Forestry in the Adirondacks, Bui. 20. 15 cents 8. 000
Practical Assistance to Tree Planters. Cir. 22 45. 000

DIVISION OF EXPERIMENTAL GARDENS AND GROUNDS.

Cranberry Culture. Farm. Bui. 13. Reprint 500
Pruning of Trees and Other Plants. Reprinted from Yearbook for 1808. 2, 500

LIBRARY.

Accessions to the Department Library, October-December, 1S9S. Bui.
2(3. 5cents 1,000

Accessions to the Department Library, January-March, 1899. Bui. 27.

5 cents 1,000
Accessions to Department Library. April-June. 1899. Bui. 28. 5 cents, 1,000
List of Publications Relating to' Forestry in the Department Library.

Bui. 24. 15 cents 1,000
Accessions to the Department Library, July-September, with reprint.

Bui. 29. Scents 1,000
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DIVISION OF POMOLOGY.
Copies.

Utilizing Surplus Fruit?. Reprinted from Yearbook for 1898 . . 1 , 000
Nut Culture in the United States. Embracing Native and Introduced

Species. Special Report. Reprint. 30 cents 1,000
Revised Catalogue of Fruits Recommended for Cultivation in the Vari-
ous Sections of the United States and the British Provinces by the
American Pomological Society. Bui. 8. 5 cents 15, 000

DIVISION OF PUBLICATION'S.

Publications of the IT. S. Department of Agriculture for sale by the
Superintendent of Documents. Union Building. Washington. D. C.
Corrected to February 1 , 1899. No. 179, fifth edition 25. 000

The Vegetable Garden." Farm. Bui. 9-1 30. 000
Notes on Some English Farms and Farmers. Reprinted from Yearbook

for 1898 200
A Directory for Farmers. Reprinted from Yearbook for 1898 . . 2. 000
Index to the Annual Reports of the U. S. Department of Agriculture for

the years 1837 to 1893. inclusive. Bul.l. 15 cents 500
List of Bulletins and Circulars issued by the U. S. Department of Agri-
culture and available for Free Distribution. Corrected to June, 1899.

No. 247. third edition 20,000
Suggestions to Southern Farmers. Farm. Bui. 98 20. 000
Asparagus Culture. Farm. Bui. 61 20. 000
Monthly List of Publications. January 1899, to December, 1899 420. 000

OFFICE OF PUBLIC ROAD INQUIRIES.

An Act to Provide for the Construction of Roads by Local Assessment.
County and State Aid. Cir. 15. Reprint I 10,000

The Forces Which Operate to Destroy Roads, with Notes on Road Stones
and Problems Therewith Connected. Cir. 29. Reprint 10,000

Improvement of Public Roads in North Carolina. Reprinted from Year-
book for 1894. Reprint . 1, 000

Information Regarding Road Materials and Transportation Rates in Cer-
tain States West of the Mississippi River. Bui. 5. Reprint. 5 cents . 1,000

Progress of Road Construction in the United States. Bui. 19. Reprint.
5 cents 1 . 000

Report of Committee on Legislation, Adopted by the State Good Roads
Convention. Richmond.Va. , October 10 and 1 1 . 1895. Cir. 18. Reprint

.

10, 000
Highway Maintenance and Repairs. Cir. 24. Reprint 10,000
Steel-Track Wagon Roads. Reprinted from Yearbook for 1898 3, 000
Construction of Good Country Roads. Reprinted from Yearbook for 1898. 3. 000
Agriculture in Puerto Rico. Reprinted from Yearbook for 1898 2. 000
Road Improvement in Governors' Messages. Cir. 33 10. 000
Good Roads for Farmers. Farm. Bui. 95, with reprint 50. 000

DIVISION OF SOILS.

An Electrical Method of Determining the Moisture Content of Arable
Soils. Bui. 6. Reprint. Scents 800

An Electrical Method of Determining the Temperature of Soils. Bui. 7.

Reprint. 5 cents 800
An Electrical Method of Determining the Soluble Salt Content of Soils,
with Some Results of Investigations on the Effect of Water and Soluble
Salts on the Electrical Resistance of Soils. Bui. 8. Reprint. Scents. 800

Soil Moisture: A Record of the Amount of Water Contained in Soils dur-
ing the Crop Season of 1896. Bui. 9. Reprint. 5 cents soil

The Mechanics of Soil Moisture. Bui. 10. Reprint. 5 cents 800
The Soils of the Pecos Valley, New Mexico. Cir. 3 1 1 . 000
Tobacco Soils of the United States: A Preliminary Report Upon the Soils

of the Principal Tobacco Districts. Bui. 11. 10 cents 1 . 500
The Culture of Tobacco. Farm. Bui. 82. Reprints 30,000
Methods of Curing Tobacco. Farm. Bui. 60. Reprint. 25,000
Tobacco Soils. Farm. Bui; 83. Reprints __ 20,000
Methods of Mechanical Analysis of Soils and the Determination of the
Amount of Moisture in Soils of the Field. Bui. 4. Reprint. Scents. 500
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Copies.

Tlic Alkali Soils of the Yellowstone Valley, from a Preliminary Investi-

gation of the Soils near Billings, Mont. Bui. 14. l."> cents. 5,000
Texture of Some Important Soil Formations. Bui. 5. Reprint. 15 cents. 300
Alkali Lands. Farm. Bui. 88. With Reprint .. ..,. 30,000
The Movement and Retention of Water in Soils. Reprinted from Year-

1 m n >k f< >r 1898 300

The Soluble Mineral Matter of Soils. Reprinted from Yearbook for 1898 300
Electrical Instruments for Determining the Moisture. Temperature, and

- iluble Salt Content of Soils. Bui. 15. 5 cents 2. oOO

DIVISION OF STATISTICS.

Changes in the Rate of Charge for Railway and Other Transportation
Services. Bui. 15. Reprint. 5 cents 3,500

Agricultural Production and Prices. Reprinted from Yearbook, 1897... 1,000
The Brazos River (Texas) Flood of June-July, 1899, and Its Effect upon

the Agriculture of the Submerged Region. Cir.10 9.000
The World's Grain Crops in 1899. Cir.li 58,000
The Co>t of Cotton Production. (Misc.) Bui. 1(5. 5 cents 27,000
Report on the Condition of Winter drain on April 1,1899, and the Losses

of Farm Animals During the Year Ending March 31, 1899, with Statis-

tics of Foreign Crops. Report L56, new series .... 80,000
Agricultural statistics Relating to Grain, Cotton, Sugar, Animals, etc., in

the United States. Reprinted from Yearbook for 1898 25, 000
Moot Id v Crop Circulars. May to November, inclusive 1,349,000
Public Domainof the United States. Reprinted from Yearbook for 1898. 10,000
Keeping Goats for Profit. Bv Almont Barnes, of the Division of Statis-

tics. Reprinted from Yearbook for 1898... 10.000
The Crop Reporter, Vol. l. Nos. t to 8 362,500

division OF VEGETABLE PHYSIOLOGY. AND PATHOLOGY.

Legal Enactments for Restriction of Plant Diseases. A Compilation of

the Laws of United States and Canada. Bui. 11. Reprint. 5cents.. - 200
Peach-Growing for Market. Farm. Bui. 33. Reprints. 20,000
Spraying for Fruit Diseases. Farm. Bui. 38. Reprints _ 30,000
The Pineapple Industry of the United States. Reprinted from Yearb »ok

f«rl895. Reprint. 2,000
How to Grow Mushrooms. Farm. Bui. 53. Reprmt 10,000
The Black Rot of the Cabbage. Fami. Bui. 68. Reprint 20,000
Cereal Rusts of the United states. A Physiological Investigation. Bui.

16. in cents 3,000
New Spraying Devices. Cir. 17. Reprint 1,000
Wilt Disease of Cotton, Watermelon, and Cowpea. Bui. 17. 15cents.. 4,000
New Spraying Devices. Cir. 17 3,000
Fungous Diseases of the Grape and Treatment. Farm. Bui. 4. Reprint. 000
Potato Diseases and Their Treatment. Farm. Bui. 91 30.000
Pollination of Pomaceous Fruits. Reprinted from Yearbook for 1898 ... 1, 000
Work in Vegetable Physiology and Pathology. Reprinted from Year-
book for is: 18. 200

Improvement of Plants by Selection. From Yearbook for 1898 ... 7. 000
Treatment of Smuts of Oats and Wheat. Farm. Bui. 5. Reprint 500

WEATHER BUREAU.

Monthly Weather Review. A summary, by months, of weather condi-
tions throughout the United States, based upon reports of nearly 3,000
regular and volunteer observers. Vol. XXVI. No. 13; Vol. XXVII. Nos.
1 to 10. 10 cents each 48,800

The Probable State of the Sky Along the Path of the Total Eclipse of the
Sun. May 28, 1900 600

Instructions for Voluntary Ob- ervers 5. 000
Aneroid Barometers 250
Frost: When to Expect it and How to Lessen the Injury Therefrom.
Weather Bureau Bui. 13.

." 5.000
Report of the Chief of Weather Bureau, 1897-98: Parts II to VII, Cli-
matology 2,000

Proceedings of the Convention of Weather Bureau Officials held at
Omaha. Nebr., October 13-14, 1898. Bui. 24 5,000
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Copies.

Climate and Crop Report of 1898, Alaska Section 300
Measurement by Precipitation. Circular E, Instrument Division 750
Property Loss by Lightning, 1898. with Some General Directions as to the
Erection of Lightning Rods. Weather Bureau Bui. 26 1,000

Climatology of the Isthmus of Panama 600
An Advance in Measuring and Photographing Sounds. 202 600
Variations in Lake Levels and Atmospheric Precipitation 500
Brazos River Flood Bulletin 2, 000
Report of the Chief for 1899 5,000
The Probable State of the Skv Along the Path of the Total Eclipse of the
Sun, May 28. 1900, Observations of 1899 5, 000

Vertical Gradients of Temperature. Humidity, and Wind Direction. A
Preliminary Report on the Kite Observations of 1898 2, 000

The West Indian Hurricane of August 7-14, 1899. Storm Bui 1 2, 500
Notes on Frost. Farm. Bui, 104 60,000
Hydrology of the Lake Minnetonka Watershed 750
The use of Kites in the Exploration of the Upper Air. Reprinted from
Yearbook for 1898 1 , 000

Cyclones, Hurricanes, and Tornadoes. Reprinted from Yearbook for 1898. 1, 000
Meteorological Chart of the Great Lakes 2, 500
Weather Forecasting: Some Facts, Historical. Practical, and Theoretical.
Bui. 25 5,000

Lightning and Electricity of the Air. In Two Parts. Bui. 26 5, 000
Meteorological Chart of the Great Lakes. January, June-October,
December 18,000

Climate and Crop Bulletin No. 31, December, 1898, and No. 1, January,
1899, to No. 30, November, 1899... 124,000

Snow and Ice Chart weekly, January 2 to March 27, and December 5-26 :

.

28. 050
Daily weather map, January to December, 1899, 476, 150

STATE OFFICIALS IN CHARGE OF AGRICULTURE.

Secretary of Agriculture.

Pennsylvania John Hamilton Harrisburg.

Commissioners of Agriculture. 1

Alabama Isaac F. Culver Montgomery.
Arkansas Frank Hill Little Rock.
Florida L. B. Wombwell Tallahassee.
Georgia O. B. Stephens Atlanta.
Kentucky I. B. Nail Frankfort.
Louisiana Leon Jastremski Baton Rouge.
Mississippi G. W. Carlisle Jackson.
Montana. J. W. Calderhead Helena.
New York Chas. A. Wieting Albany.
North Carolina S. L. Patterson Raleigh.
North Dakota H. U. Thomas Bismarck.
South Carolina _ . A. P. Butler Columbia.
Tennessee Thos. H. Paine Nashville.
Texas Jeff Johnson Austin.
Virginia Geo. W. Koiner Richmond.
Washington W. P. C. Adams Olympia.

State Engineer.

Idaho F. J. Mills Boise.

Secretaries of State Boards of Agriculture.

California. Peter J. Shields Sacramento.
( )( ilorado A. M. Hawley .Fort Collins.
Connecticut T. S. Gold ._ West Cornwall.
Delaware Manlove Hayes .Dover.

1 In several States the duties of the Commissioner of Agriculture are joined with
the care of other interests also, as of mining and labor.
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Illinois W. C. Garrard Springfield.

Indiana Chas. F . Kennedy Indianapolis.
Kansas F. D. Coburn . . Topeka.
Maine B. Walker McKeen Augusta.
Massachusetts. ._.' J. W. Stockwell ..Boston.
Michigan I. H. Butterfield Agricultural College.

Miss* )uri J. R. Rippey Columbia

.

Nebraska R. W. Furnas Brownville.
Nevada Louis Bevier Carson City.

New Jersey Franklin Dye Trenton.
New Hampshire X. J. Bachelder .Concord.
North Carolina T. K. Brunei- Raleigh.

i W. W . Miller Columbus.
Oregon C. D. Gabrielson Sab m.

Island George A. Stockwell Providence.
South Dakota Walter B. Dean.. Yankton.
Utah H. P. Folsom Salt Lake.
Vermont C. J. Bell .East Hardwick.
West Virginia J. B. Garvin Charleston.

consin John M. True Madison.

Commissioner of Agriculture and Forestry.

aii Byron Clark .Honolulu.

SECRETARIES OF STATE AGRICULTURAL SOCIETIES.

Georgia..- J. Pope Brown Hawkinsville.
Iowa G. H. Van Houten Des Moines.
Louisiana ..E. L. Woodside Baton Rouge.
Maine -G. M. Twitchell .Augusta.
Minnesota _. E. W. Randall Ha inline.

Montana .Francis Pope Helena.
Nevada Win. Hy. Doane .Reno.
New York lames B. Docharty Albany.
North Carolina Joseph E. Pogue Raleigh.
Pennsylvania Hiram Young. York.
South Carolina .. T. W. Holloway ...Pomaria.
Vermont Henry Clark Rutland.

OFFICIALS IN CHARGE OF FARMERS' INSTITUTES.

Name of official. Post office.

Alabama.

Ark;
irnia

( iolorai

cticut

Delaware .

Florida .

Georgia,

.

Illinois

nlver, Commissioner of Agriculture Montgomery
C A CaryT Alabama Polytechnic Institute Auburn.
R. H. Forbes, Director Agricultural Experiment Sta- Tucsi >n.

tion.
W. G. Vincenheller, Agricultural Experiment Station. Fayetteville.
E. J. Wicksi in. University of California. Berkel
D. T. Fowler, i Farmers' Institutes for Cen- Do.
tral and Northern California.

A. J. Cook, Com iu< -tur Farmers' Institutes for South- Claremont.
ern California.

B. '• ). Aylesworth, PresidentState Agricultural Colleg illins.

T. S. Gold, Secretary State Board of Agriculture West Cornwall.
F. H. Stadtmueller, Secretary Connecticut Dairy- Elmwood.
men's Association.

J. H. Merrim - ay Connecticut Pomological New Britain.

'V-
Wesley Webb, Superintendent Farmers' Institute Dover.
for Kent County.

A. T. Xeale (Director Agricultural Experiment Sta- Newark,
tion), Sup irintendent Farmers' Institute for New-
castle County.

S. H. Messick, Secretary Farmers" Institute for Bridgeville.
c County.

H. E. Stockbridge, Agricultural College Lake City.
H. C. White. President State College of Agriculture Athens,
and Mechanic Arts.

Editor Atlanta Evening Journal Atlanta.
A. B. Hostetter. Secretary and Superintendent of Springfield.
Farmers' lnsti~:

E. Davenport, Dean College of Agriculture, Univer- Urbana.
sity of Illinois. I
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OFFICIALS IN CHARGE OF FARMERS' INSTITUTES—Continued.

State. Name of official. Post office.

Indiana
Iowa . - -

Kansas

Kentucky

.

Louisiana
Maine
Mai'viand
Massachusetts.

Michigan -

.

Minnesota .

Miss-ssippi

Missouri .

Montana .

Nebraska
New Hampshire

New Jersey
New York
North Carolina.
North Dakota ..

Ohio ....

Oregon

Pennsylvania

Rhode Island

South Carolina -

.

South Dakota ...

Tennessee _.

Texas

Utah..
Vermont
Virginia

Washington

West Virginia
Wisconsin

W. C. Latta. Agricultural Experiment Station
Geo. Van Houten, Secretary State Board of Agri-
culture.

W. M. Beardshear, President Stare College of Agri-
cul ! are and Mechanic Arts.

J. T. Willard, Director Agricultural Experiment Sta-
tion.

L. Moore. Assistant Commissioner of Agriculture.
La!. m]-. and statistics.

M. A. Scovell, Director Agricultural Experiment Sta-
tion.

L. Jastremski, Commissioner of Agriculture
B. W. McKeen, Secretary State Board of Agriculture .

.

W. L. Amoss. Director Farmers' Institutes
J. W. Stoekwell, Secretary State Board of Agricul-
ture.

C. D. Smith, Director Agricultural Experiment Sta-
tion.

O. C. Gregg. Superintendent Farmers' Institutes
W. L Hutchinson, Director Agricultural Experiment
Station.

J. R. Rippey. Secretary State Board of Agriculture..
J. Reid, President College of Agriculture and Me-
chanic Arts.

E.A.Burnett. University of Nebraska...
N. J. Bachelder. Secretary State Board of Agricul-
ture.

F. Dye, Secretary State Board of Agriculture
F. E. Dawley, Director of Institutes
S. L. Patterson. Commissioner of Agriculture
E. E. Kaufman. Assistant Dairy Commissioner
W. W. Miller. Secretary State Board of Agriculture.

.

J. Withycombe, Vice-director Agricultural Experi-
ment Station.

A. L. Martin. Deputy Secretary of Agriculture and
Director Farmers' Institutes.

G. A. Stoekwell, Secretary State Board of Agricul-
ture.

H. S. Kartzog. President Clemson Agricultural Col-
lege.

S. A. Cochrane. Director Farmers' Institute
T. H. Paine. Commissioner of Agriculture
F. H. Broome, Secretary Agricultural Experiment
Station.

J.H. Connell, Director Agricultural Experiment Sta-
tion.

President Agricultural College
C. J. Bell. Secretary State Board of Agriculture
G. W. Koiner. Commissioner of Agriculture
J. M. McBryde, President Polytechnic Institute
E. A. Bryaii, Director Agricultural Experiment Sta-

tion.
D. M. Silliman. Institute Director
(4. McKerrow, Superintendent Farmers' Institutes...

Lafayette.
Des Moines.

Ames.

Manhattan.

Frankfort.

Lexington.

Baton Rouge.
Augusta.
Benson.
Boston.

Agricultural College.

Lynd.
Agricultural College.

( lolumbia.
Bozeman.

Lincoln.
Concord.

Trenton.
Fayetteville.
Raleigh.
Fargo.
Columbus.
Corvallis.

Harrisburg.

Providem e.

Clemson College.

Brookings.
Nashville.
Knoxville.

College Station.

Logan.
East Hardwick.
Richmond.
Blacksburg.
Pullman.

Charleston.
Madison.

NATIONAL LIVE STOCK ASSOCIATION.

[Organized January 25, 1898.]

President, John W. Springer, Denver; secretary, Charles F. Martin.Denver.

DAIRY OFFICIALS.

National Association of Dairy and Food Departments.—Secretary. J. B. Noble,
ird, Conn.

National Dairy Union.—Secretary. Charles Y Knight. 188 South Water Street

.

Chicago, 111.

National Creamery Buttefmakers' Association.—Secretary, E. Sndendorf,
Elgin. 111.

New England Milk Producers' Union.—Secretary. L. S. Hayward, Pomfret
< 'eiiier. Conn.
Five States Milk Producers' Association.—Secretary, H. T. Coon. Little York,

N.
1 Lumbia River Dairy Association.—Secretary, H. T. French, Moscow. Idaho.
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ALABAMA.

Alabama Dairynn n's Association.— Secretary. F. H. Bates. Hamburg.

CALIFORNIA.

State Dairy Bureau.—Secretary and agent, William VanderbiLt, 114 California

it, San Francisco.
California Dairy Asso< iation.—Secretary, Samuel E. Watson, 421 Market Stiver.

San Francisco.
Dairvmen's Association of Southern California.—Secretary. James R. Boal,

126 West Twenty-fifth street, Los Any.

COLORADO.

Dairy Commission.—Commissioner. T. L. Monson, Denver.
Slate Dairymen'- Ass< iciation.—Secretary. A. M. Hunter. Boulder.

CONNECTICUT.

Dairy Commission.—Commissioner. John B. Noble, Hartford.
(

'< mnecticut Dairymen's Association.—Secretary, George E. Manchester, Station «

A, Winsted.
(

'< mnecticut «. Jreaniery Ass< iciation.—Secretary, Frank Avery. Manchester.

GEORGIA.

'. Georgia Dairymen's Association.- -Secretary. M. L. Duggan, Sparta.

ILLINOIS.

1 Commission! tnissioner, Alfred M.Jones, Room 1623 Manhattan
Building, Chicago.

Illinois state Dairymen's Association.—Secretary, George Caven, 188 South
Water street. < Mncago.
Chicago Milk Shipper-' Onion.—Secretary, S. Hill, 94 La Salle street. Chicago.

INDIANA.

State Dairy Association. Secretary, H. E. Van Norman, Lafayette.

IOWA.'

Dairy Commission.—Commissioner, B. P. Norton. Des Moines.
Iowa State Dairy Association.—Secretary, J. C. Daly, Charles City.

KANSAS.

Kan-as State Dairy Association.—Secretary, A. L. Goble, Riley.

MAINE.

Maine Dairymen's Associai Lou.—Secretary, L. W. Dyer, Cumberland Center.

MASSACHUSETTS.

Dairy Bureau.—Assistant executive officer, George M. Whitaker, Box 1332,
Boston.
Massachusetts Creamery Association.—Secretary. A. W. Morse. Belchertown.

MICHIGAN.

Dairy and Food Commission.—Commissioner. Elliot O. Grosvenor, Lansing,
mgan Dairymen's Ass< iciation.—Secretary. S. J. Wilson. Flint.

MINNESOTA.

Dairy and Food Commission.—Commissioner. J. M. Bowie?'. St. Paul.
Minnesota State Dairymen's Association.—Secretary. Robert Crickmore, Pratt.
Minnesota State Butter and Cheese Makers 9 Association.—Secretary, J. K.

Bennett, Clinton Falls.

1 A 90 44=
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MISSOURI.

Missouri Dairymen's Association.—Secretary, Levi Chubbuek, 1214 Chemical
Building, St. Louis.

NEBRASKA.

Food Commission.—Deputy Commissioner, F. B. Hibbard, Lincoln.
Nebraska Dairymen's Association.—Secretary, S. C. Bassett, Gibbon.

NEW HAMPSHIRE.

Granite State Dairymen's Association.—Secretary, J. L. Gerrisli, Contoocook.

NEW JERSEY.

Dairy Commission.—Commissioner, George W. MacGuire, Trenton.
New Jersey State Dairy Union.—Secretary, G. L. Gillingham, Moorestown.

NEW YORK.

Department of Agriculture (including dairy).—Commissioner, Charles A.Wiet-
ing. Albany.
New York State Dairymen's Association.—Secretary, W. W. Hall, Gouverneur.

NORTH CAROLINA.

North Carolina State Dairymen's Association.—Secretary, C. W. Gold, Wilson.

NORTH DAKOTA.

Commission of Agriculture.—Commissioner (and ex officio State dairy commis-
sioner), H. U. Thomas, Bismarck.
North Dakota State Dairymen's Association.—Secretary, E. E. Kaufman. Fargo.

Dairy and Food Commission.—Commissioner, Joseph E. Blackburn, Columbus.
Ohio State Dairymen's Association.—Secretary, L. P. Bailey, Tacoma.
Ohio Dairy Union.—Secretary, F. A. Stranahan, 30 Huron street, Cleveland.

State Dairy and Food Commission.—Commissioner, J. W. Bailey, Portland.
Oregon Dairymen's Association.—Secretary, F. L. Kent, Corvallis.

PENNSYLVANIA.

Dairy and Food Commission (of State department of agriculture).—Commis-
sioner, Levi Wells, Harrisburg.
Pennsylvania State Dairy Association.—Secretary, A. L. Wales, Corry.
Pennsylvania Dairy Union.—Secretary. H. Hayward, State College.
Creamery Association of Eastern Pennsylvania.—Secretary, George R. Meloney.

1937 Market street, Philadelphia.

SOUTH DAKOTA.

South Dakota Dairy and Buttermakers' Association.—Secretary, C. P. Sher-
wood, Desmet.

TENNESSEE.

East Tennessee Dairy Association.—Secretary, Paul F. Kefauwr. Madisonville.

TEXAS.

Dairymen's Association.—Secretary, J. E. Maguire, Waco.

UTAH.

Food and Dairy Commission.—Commissioner, H.J. Faust, Jr., Salt Lake City.
Utah Dairymen's Association.—Secretary, F. B. Linfield, Logan.
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VERMONT.

Vermont Dairymen's Association.—Secretary, F. L. Davis, North Pomfret.

Washington.

Dairy and Food Commission.—Commissioner, E. A. McDonald, Seattle.

Washington State Dairymen's As sociation.—Secretary, D. S. Troy, Chimacum.

WISCONSIN.

Dairy and Fo >d Commission.—Commissioner, H. C. Adams. Madison.
Wisconsin Dairymen's Association.—Secretary, George W. Burchard, Fort

Atkinson.
Wisconsin Cheesemakers' Association.—Secretary. U. S. Baer, Madison.

PROTECTION AGAINST CONTAGION FROM FOREIGN CATTLE.

An act of Congress of August 38, l v '.'4. prohibits the importation of cattle and
hides, but by the act of March 2, 1895, making appropriations for the

Department of Agriculture it is provided that the prohibition may be suspended «

by the President whenever the Secretary of Agriculture shall certify to the Presi-

dent what countries or parts of countries are tree from contagious or infectious
inimals. The President, by proclamation of November 8, ! :

lifted ilie embargo with reference to Norway, Sweden, Holland. Great Britain,
Ireland, the Channel Islands, and the countries of North. Central, and South
America so as to admit cattle under sanitary regulations prescribed by the Secre-
tary of Agriculture; also from all countries soas to admit hides under regulations

8 retary of the Treasury.

CATTLE BREEDERS' ASSOCIATIONS. 1

American Aberdi ' Association.—Thomas McFarlane, Har-
vey. 111., secretary . N amber of registrations: 34;936; date of first entry. Novem-

383. Registration animals under 1 year old. to members, $1.50;

nonm $3.50. Entries of ancestors to complete ped •;. Entries of
native animals over i y< -r old, $3 to members, $5 to nonmembers. Transfers

within 90 days, $1 after 90 days. Certified pedigr nts; extended pedi-
i,$l; duplii cents. Affiliated f iety: Polled Cattle
ty of Scotland, Dr. Alex Ramsay, secretary, Banff, Scotland. Eligible J to

y: American-bred animals who--. d dams are recorded in American
book, but application musl be made within 2 years of birth; and imported animals

ded or tracing to the eighth or a prior volume of the affiliated Scotch book.
American Devon Cattle Club.—L. P. Sisson, Newark. Ohio, secretary. 3

American Gallows iation.—Frank B. Hearne, Independence.
Mo., secretary. Number of registrations: 16,395; first herdbook printed in i-

rs for animals under 1 year, $1; over i year, $2; to
nonmembers double; transfers 25 cents if within 90 days; otherwise, 50 cents.

Affiliatedforeign book: The Galloway Herd Book of Scotland. Rev. John Gillespie,
d Manse. Ruthwell, R. S. C. Dumfriesshire, Scotland. Eli-

gible to registry: Animals having sires and dams in the herdbook of this associ-
ation or in the affiliated Scotch herdbook.
American Guernsey Cattle Club.—William H. Caldwell, Peterboro, N. H.. secre-

1 Under the provisions of paragraph 4?o of the act of July 24, 1897, any animal
imported specially for breeding purposes shall be admitted free, provided that no
such animal shall be admitted free unless pure bred, of a recognized breed, and
duly registered in the book of record established for that breed.
The Secretary of the Treasury, upon the advice of the Secretary of Agriculture,

issued June 22, 1899, regulations for the importation of animals under this law,
and designated the rect .gnized breeds and the books of record established for 1

1

breeds.
a Requirements for eligibility to registration can not be given fully in these lists

of breeders' associations. Only the more general conditions are stated: for par-
ticulars application must be made to the secretary of the association.

3 In this and other cases in these lists of breeders' associations the lack of data
as to registrations is due to failure to receive the necessary information from the
association.
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tary. Number of registrations: Bulls, 6,369; cows, 12.331; date of first entry. 1878.

Registration fees: Home-bred, under 6 months, §2, over 6 months, $3; imported,
within 6 months after landing, $2, after 6 months, $3; members pay, $1 less.

All transfers, $1. Affiliated foreign societies: English Guernsey Cattle Society,
England; Royal Guernsey Agricultural Society, Guernsey; General Herd Book,
Guernsey. Eligible to registry: Animals imported, or tracing through both sire

and dam to animals imported, from the island of Guernsey and registered in one
of the affiliated herdbooks.
American Hereford Cattle Breeders' Association.—C. R. Thomas, Independ-

ence, Mo., secretary. Number of registrations: 90,000; date of first herdbook,
1879. Registration fees: To members, calves under 6 months, $1; over 6 months,
$5; to nonmembers, double. Duplicate entries, 25 cents. Transfers within 6

months of sale free to members, 25 cents to nonmembers; after 6 months. 50
cents to all. Duplicate certificates, 25 cents. Affiliated foreign society: Here-
ford Herd Book Society, 20 East street, Hereford, England. Eligible to registry:
Animals whose sires and dams are recorded in the American book or in Volume
XIII or prior volumes of the affiliated English book.
American Jersey Cattle Club.—J. J. Hemingway, No. 8 West Seventeenth

street, New York, N. Y., secretary. Number of registrations: 204,006; date of
first entry, July, 1868. Registration fees: To members, for animals under 2 years,

$1; nonmembers, $2. Animals over 2 years old, double. Entries of records of
dead animals to complete pedigrees, $1. Transfers within 90 days, free: after 90
days, $1. Affiliated foreign society: Island of Jersey Royal Agricultural and
Horticultural Society. Eligible to registry: American-bred animals whose sires

and dams are recorded in the American book; to animals imported from the
island of Jersey under certain regulations.
American Polled Durham Breeders' Association.—J. H. Miller. Mexico. lad.,

secretary.
American Shorthorn Breeders' Association.—J. H. Pickrell. Springfield. 111.,

secretary. Number of registrations: Over 400,000; date of first herdbook, 1846.

Registration fees: For all animals under 4 years, $1 each; over 4 years, $25 each;
for extended copies with seal, 25 cents extra. Affiliated foreign book: English
Shorthorn herdbook. Eligible to registry: Animals that trace back to recorded
ancestry.
American Sussex Association.—Overton Lea. Nashville,Tenn. , secretary. Num-

ber of registrations, 187. Registration fees: To members. $1; nonmembers. S3;

fees double if not registered within 6 months of birth or importation. Affiliated

foreign society: Sussex Herdbook Society. Eligible to registry: Animals regis-

tered in the English Sussex herdbook, or the get of animals registered in the
English or the American herdbook.
Ayrshire Breeders" Association.—C. M.Winslow. Brandon, Vt. . secretary. Num-

ber of registrations: Bulls, 6,928; cows, 15,505; books revised at separation from
Canadian book in 1876. Registration fees: To members, $1; nonmembers. $2;

double rates for animals over 2 years old. Affiliated foreign book: Ayrshire
Herdbook of Scotland. Eligible to registry: Animals that trace closely to animals
recorded in the books of this association or to the Scotch book.
Brown Swiss Cattle Breeders' Association.—N. S. Fish, Groton, Conn., secretary.

Number of registrations: 3,100; date of first entry, September 8, 1880. Registra-
tion fees: For animals under 1 year old, $1 to members, $2 to nonmembers; for
animals over 1 year old, double fees. Affiliated foreign society: None. Eligible

to registry: Animals descended from registered animals in direct line.

Dutch Belted Cattle Association.—H. B. Richards, Easton, Pa., secretary.
Number of registrations: Males, 383; females. 904; date of first entry, April 12,

1886. Registration fees: To members, animals under 6 months, $1 ; over 6 months,
$2: to nonmembers, $1 more. Transfers within 30 days, $1; after 30 days. 82.

Affiliated foreign society: None. Eligible to registry: All offspring of registered
animals unless disqualified by physical defects.
Holstein-Friesian Association of America.—Frederick L. Houghton. Brattleboro,

Vt., secretary. Number of registrations: Bulls, 32,321; cows, 64,540; date of first

entry, March 15, 1871. Registration fees: To members of association, for males,
$3; for females, $1 ; to nonmembers, for males $5, for females $2. Fees for animals
over 1 year old, double the ordinary. Affiliated foreign books: Friesch Rundvee-
Stamboek; Nederlandsch Rundvee-Stamboek; North Holland Herd Book. Eligible
in registry: Only such animals as are determined under the regulations of
association to be " ptire bred."

Red Polled Cattle Club of America (incorporated).—J. McLain Smith, Dayton,
Ohio, secretary. Number of registrations: Bulls, 6,753; cows, 14,419; date of first

herdbook, new series, 1890. All cattle registered in the English book, us well as
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the American cattle, appear in these books. Registration fees: For animalsunder
1 year. *1 to members and $2 to nonmembers; over 1 year, 50 cents extra. Affili-

ated foreign society: The Red Polled Cattle Society of Great Britain and Ireland.

Eligible to registry: Animals whose sires and dams are registered.

HORSE BREEDERS' ASSOCIATIONS.

American Association of Importers and Breeders of Belgian Draft Horses.

—

J. D. Conner, jr., Wabash. Ind., secretary.
American Breeders' Association of Jacks and Jennets.—J. W. Jones, Columbia,

Tenn., secretary. Number of registrations about 750: date of first entry, 1891.

Registration fees: .To members. $2 for living animals: transfers and certificates,

si each; fees to nonmembers, double. Affiliated foreign society: All similar asso-

ms are in Spain. The American association will cooperate with any foreign

society recommended by American consul, if such society is found to have satis-

ory rules. Eligible' to registry: All animals when black with light points, as

b >11< »ws: Native, 1 5 J
hands high: imported. 15 hands, if of unrecorded sire or dam;

jacks of recorded ancestors if 14.V hands, jennets 14 hands.
American Cleveland Bay Breeders' Association.—R. P. Stericker, Attica. N. Y.,

secretary. Number of registrations, 1 ,534: date of tirst entry. November 10. 188a.

Registration fees: To members, stallions $2, mares si: nonmembers, stallions*

tares $ !. Fees are d >ubled if animals are not recorded within two years from
date of birth or importation. Affiliated foreign societies: Cleveland Bay Society

of ( rreat Britain and Ireland: Yorkshire Coach Horse Society of Great Britain and
Ireland. Eligible to registry: Mares bred in America, four crosses by registered

sires; stallions bred in America, five crosses by registered sires: stallion or mare
whose -ire and dam are both recorded in the American book or one of the affili-

ated foreign books, and imported animals recorded in one of the affiliated foreign

books.
American Clydesdale Association.—Alex. Galbraith, Janesville, Wis., secre-

. Number of registrations. 9,4 10, about one-half being stallions and one-half

of first entry, L879. Registration fees: To members owning stud

books I to 8, inclusive, $2; nonmembers owning these books, $3; members not

owning books, $3; nonmembers nor owning books, $5. Transfers for members,
si: nonmembers, $2. Extended pedigree certificates, same terms as transfers.

Affiliated foreign society: The Clydesdale Horse Society of Great Britain and
Ireland. 93 Hope street, Glasgow, Scotland. Eligible to registry: Animals whose
sire and dam are recorded in the American or affiliated English book: animals

rded in the English book: stallions having five top crosses and mares having
four top crosses by sires recorded in American book; but unsound or unworthy
animals will not be admitted.
American Hackney Horse Society.—A. H. Godfrey, room 48, Astor Court

Building. West Thirty-fourth street, New York City, secretary. Number of

registrations: Stallions, 527; mares. 1,043; mares inspected and recorded. 117.

Lstration fees: Members' stallions. $3; members' mares, $2; nonmembers,
double. Transfers for members, $2; nonmembers, $3. Inspection fees: Mare or

filly certified to be sired by a " full-registered" hackney stallion. S'2; other mares,

$2 and actual expenses of inspect* trs. Affiliated foreign society: English Hackney
Horse Society. London. England.
American Percheron Horse Breeders' Association.—S. D. Thompson, Chicago,

Til., secretary.
n Shetland Pony Club.—Mortimer Levering. Lafayette, Ind., secretary.

American Shire Horse Breeders" Association.—Charles Burgess. Wenona, 111.,

secretary. Number of registrations. 5,460 : date of first entry, November 1, 1886.

Mration fees: To members, for each animal, $2; nonmembers, $5. Trans-
fer. $1. Affiliated foreign a iciety : The Shire Horse Society of Great Britain, J.

Sloughgrove, secretary. Hanover Square, London. England. Eligible to registry:

Stallions and mares whose sires and dams are recorded in the American book or

the affiliated English b »ok ; stallions and mares recorded in the affiliated English
book, and stallions having five top crosses and mares having four top crosses, in

each case by sires recorded in the American book.
American Stud Book, Thoroughbred.—James E. Wheeler, 173 Fifth avenue,

New York. N. Y., registrar. Number of registrations. 21.320. First stud book
published about 1868, but systematic reports of foals began in 189;}. when 1.508

were registered. Registration fees: $2 up to November 1 of the year in which
the animal is foaled; after that date registration will be permitted upon a pay-
ment of a $50 fine, provided the failure to register is shown to have been uninten-
tional or accidental. Affiliated foreign society: None. Eligible to registry: Only
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horses having either five uncontaminated thoroughbred crosses, or which authen-
tically trace through or to animals recorded in the first six volumes of the Ameri-
can book, or in a recognized book of another country.
American Suffolk Punch Horse Association.—Alex. Galbraith, Janesville, Wis.,

secretary.
American Trotting Registry Association.—J. II. Steiner, room 1103, Ellsworth

Building, 355 Dearborn street. Chicago, 111., secretary. Number of registration:
Last volume of registry contained about 18,000 registrations; previous volumes
not so many; fourteen in all; first published in 1871. Registration fees: To stock-
holders, $1 ; nonstockholders, $2; double for animals over 2 years old. Certificates
of registration, 50 cents; transfers, 25 cents. Affiliated foreign society: Not stated.

Eligible to registry; Animals whose pedigrees are established . under the rules of
the association.
French Coach Horse Society of America.—S. D. Thompson, Chicago. 111.,

secretary.
German. Hanoverian and Oldenburg Coach Horse Association of America.

—

J. Crouch, Lafayette. Ind., secretary. Number of registrations, 600 stallions. 120
mares; date of first entry, December 30, 1889. Registration fees: To members,
$2.50; nonmembers, $5 for each animal if application is made within four months
of importation or birth: after that time, double fees. Transfers, $1 to members,
§2 to nonmembers. Affiliated foreign society: None. Eligible to registry: Im-
ported animals of properly authenticated foreign, registry; native animals whoso
sires and dams are registered; and stallions having five crosses and mares having
four crosses.
National French Draft Association.—C. E. Stubbs, Fairfield. Iowa, secretary.

Number of registrations, 10,137; association organized February 9, 1870. it

tration fees: To members. 82, nonmembers, $4; for transfer, $1 to members. 82

to nonmembers. If application is not made within one year from importation
or foaling the registration fee is $5. Affiliated foreign society: French Draft
Horse Stud Book. Eligible to registry: Imported animals properly vouched for

by the affiliated French society; animals whose sires and dams are registered in

the American book; stallions having five top crosses, and mares having four top
crosses by sires recorded in the American book.

Select Clydesdale Horse Society of America.—Charles Irwin, Topeka, K;:

secretary.
The American Morgan Register.—Joseph Battell. Middlebury, Vt., treasurer.

Number of registrations, about 5.000; date of first volume, 1891. Registration
fees: Stallions 1 year old or over, $2; mares, geldings, and colts under i year, §1.

Affiliated foreign society: None. Eligible to registry: Any meritorious animal
tracing in direct male line; also to any animal whose sire and dam are recorded
in the Morgan register.

The American Saddle Horse Breeders' Association.—I. B. Nail, Louisville. Ky.

,

secretary. Number of registrations: Stallions and geldings, 1,400; mares, 1,721;

date of first entry, July 31, 1891. Registration fees: To members, $2; nonmem-
bers, $4: if registered during the year foaled, one-half. Affiliated foreign society:

None. Eligible to registry: Horses having recognized gaits and tracing to regis-

tered animals under prescribed conditions.
The Oldenburg Coach Horse Association of America.—C. E. Stubbs, Fairfield,

Iowa, secretary. Number of registrations, 200; association incorporated March
5. 1892. Registration fees: To members, $2; nonmembers, §4. Transfers, $1 to

members, 82 to nonmembers. If application is not made within one year from
foaling or importation, the registration fee is $5. Affiliated foreign society:

Gesellschaft Zuchter Oldenburger Kutschpferde. of Oldenburg, Germany. Eli-

gible to registry: Any imported animal properly vouched for by the affiliated

society; animals whose sires and dams are registered in the American book; stal-

lions having five top crosses and mares having four top crosses by sires registered
in the American book.

SHEEP BREEDERS' ASSOCIATIONS.

National Cheviot Sheep Society.—Howard IT. Keim, Ladoga, Ind., secretary.
Number of registrations. 1 ,292: date of first entry, March 2-1, 1894. Registration
fees: To members, 50 cents for lambs under! year; over 1 year, $1; nonmembers,
double. Affiliated foreign society: The Cheviot Slice]) Society of Great Britain,
lolin Robson, Newton, Belbngham, Northumberland, England, secretary. Eligi-

ble to registry: Animals whose sires and dams are recorded in the books of the
NationalCheviot Sheep Society, theAmerican Cheviot Sheep Breeders'Association,
or the affiliated British book/
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American Cotswold Association.

—

George Harding, Waukesha, "Wis., secretary.

Number of registrations, over 21,000. Registration fees: Prior to April 1 fol-

lowing vi-ar of birth, 50 cents; over this age. si: transfer. 25 cents. Affiliated

foreign book: English Cotswold Flock Book. Eligible to registry: American-
bred animals whose sires and dams are registered: imported animals having cer-

tificate from affiliated English book.
American Leicester Breeders' Association.—A. J. Temple. Cameron. 111., secre-

tary. Number of registrations: 3,812; date of first entry, July 24, 1888. E
tration fees: To members. 50 cents: nonmembers. si: transfers, 25 cents.

Affiliated foreign society: None. Eligible to registry: American-bred animals
whose sires and dams are recorded in the American book: imported animals reg-

d in the flock 1 Minks of Great Britain, or from reputable British flocks.

American Lincoln Breeders' Association.—L.C.Graham, Cameron. 111., secre-

tary.
American Merino Sheep Register.—R.O.Logan. California. Mich., secretary.

American Oxford-Down Record Association.—W. A. Shafor, Middletown. Ohio,
•rary. Number ( if registrati me : 17,829 ; date < if incorporation of association.

January. I
s *--'. Registration fees: To members, 50 cents for each animal recorded

ire July 1 of next year succeeding birth: recorded after that date. 81. To
nonmembers. si for any age. Transfers, 25 cents each. Affiliated foreign

d. Eligible to registry: Animals imported from Europeof
I in the English flock book: native animals when approved by the

board of directors.

American Southdown Association.—J. G. Springer. Springfield. 111., secretary.

Number of registrations: 12,977; date of first entry. May 4, 1883. Registration
: To members, for animalsup toJuly 1 following birth, 50 cents

;
older, $1.50;

litional. Transfers within 6 months of sale. 25 cents;

later. 50 c ::i-. Affiliated foseigi) society: Southdown Sheep Society of England.
Eli.o :

y.stry: American-bred animals that are immediate descendants of

animalspreviouslyrecorded in the association book : imported animals themselves
recorded and numbered in English book, provided their sires and dams are also

thus recorded and numbered.
American Shropshire Registry Association.—Mortimer Levering. Lafayette.

Ind.. secretary.

American Rambouillet Sheep Breeders' Association.—Dwight Lincoln. Milford
Center. Ohio, secretary. Number of registrations; 10,000; date of first registra-

1889. Registration fees: 25centsfor ewes and 50 cents for rams. Trans-
fer-, to members free, nonm< rubers 10 cents; after c> months 50 cents to all. Eli-

gible to registry: Proof of pure blood satisfactory to< ommittee.
American Suffolk Association.—F. A. Franklin. Atlantic Iowa, secretary.

Black Top Spanish Merino Sheep Bi jsociation.—R. P. Berry. Clokey,
Pa., secretary.

! line Merino SI Association.—J. C. McNary, Houstonville, Pa.,

etary; J.* II. Hamilton, Cannonsburg, Pa., corresponding secretary.

Dickinson Merin I Company.—H. G. McDowell, Canton. Ohio,
secretary.
Dorset Horn Sheep Breeders' Association of America.—M. A. Cooper. "Washing-

stary. Number of registrations: 1,000; date of first entry. June
391. Registration fees: Certificates, 50 cents: transfers, 25 cent-. Affiliated

foreign society: N(
Hampshire-Down Breeders' Association of America.—J. I. Gordon, Mercer. Pa.,

•etary. Number of registrations: 8,712; date of first entry, December 30, 1889.

tration fees : Mature animals, 81 : lambs. 50 cents up to January 1 : fees to non-
members, double. Affiliated foreign society: Hampshire-Down Sheep Breeders'

ciation | of England). Eligible to registry: Hampshire-down sheep imported
from, or that can be traced in all their lines of descent to, the flocks of reliable

breeders in England.
Improved Black-top Merino Sheep Breeders' Association.—L. M. Crothers,

Crothers, Pa., secretary. Number of registrations: About 3,000. Registration
fees: To members, for each animal 25 cents for registry. 13 cents transfer; non-
members. 50 cents and ','5 cents. Affiliated foreign society. Not stated.

Improved Delaine Merino Sheep Breeders' Association.—R. B. Barber. Cedar-
ville, Ohio, secretary.
Michigan Merino" Sheep Breeders' Association.—E. X. Ball, Hamburg, Mich.,

secretary. Number of registrations: About 50.000; date of first entry. 1880. Reg-
istration fees: For each flock of fifty or less. $5; over, 10 cents for each sheep.

Affiliated foreign society: None. Eligible to registry (only for members of the
association): Animals tracing to flocks of breeders of pure American Merino
sheep. Each breeder must keep a register of his flock.
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National Improved Saxony Sheep Breeders' Association.—John G-. Clarke.
Washington. Pa., R. D. 9, secretary.
National Lincoln Sheep Breeders' Association.—H. A. Daniels, Elva. Mich.,

secretary. Number of registrations: 0,873; date of first entry. December 20,
1891. Registration fees: For lambs, 50 cents; sheep, SI. Affiliated foreign
society: Lincoln Long Wool Sheep Breeders" Association of England. Eligible
to registry: Only animals having registered sires and dams in American or Eng-
lish book.
New York State American Merino Sheep Breeders" Association.—J. H. Earll.

Skaneateles, N. Y.. secretary. Number of registrations: Not given: date of first

entry, 1879. Registration fees: For ordinary register of lambs. 20 cents: for
entered pedigree, 40 cents; for recording stock ram in list. §1; for lambs not on
file with secretary at time of annual meeting. 25 cents.
Ohio Spanish Merino Sheep Breeders* Association.—F. C. Stanley. Edison. Ohio,

secretary.
Standard Delaine Spanish Merino Sheep Breeders' Association.—S. M. Cleaver,

East Bethlehem. Pa., secretary. Number of registrations: — . Registration fees:

For flock of 50, §10: for all over 50, 10 cents per head; to " others than members
owning sheep records in this register," 25 cents per head. Affiliated foreign
society: Not stated. Eligible to registry: Approved animals scaling 72 points or
more. This minimum of 72 will be increased by one each year til] 80 is reached.
Standard American Merino Register Association.—J. P. Ray. Hemlock Lake,

N. Y.. secretary.
The Continental Dorset Club.—J. E. Wing. Mechanicsburg, Ohio, secretary.

Number of registrations: 710 in 1898 and 523"in 1899; date of "first entry. May 9.

1898. Registration fees: Native animals under 1 year, 50 cents; over 1 year. $1:

imported, within 6 months of importation. 50 cents: after 6 months, si: trans-
fers, 10 cents. Affiliated foreign society: None. Eligible to registry: Imported
Dorset sheep bred by reputable breeders, and sheep tracing directly to such im-
ported animals.
United States Merino Sheep Breeders' Registry Association.—J. A. B. Walker,

Enon Valley. Pa., secretary.
Vermont Atwood Club Register.—George Hammond, Middlebury ,Vt. . secretary.
Vermont Merino Sheep Breeders' Association.—L. H. Skiff, Middlebury, A

T
t..

secretary.

SWINE BREEDERS' ASSOCIATIONS.

American Berkshire Association.—C. F. Mills. 512 East Monroe street. Spring-
field, 111., secretary. Number of registrations: 52,500; date of first entry. 1875.

Registration fees: For native animals under 2 years, §1 ; over 2 years. 82: imported
animals, within (5 months of importation, $1; after 6 months, $2. Transfers. 25

cents; certificates, 50 cents. Affiliated foreign society: Not stated. Eligible to

registry: Animals that trace closely to ancestors recorded in the book of the
association.
American Duroc-Jersey Swine Breeders' Association.—A. V. Bradrick. Shelby-

ville, Iud., secretary. Number of registrations: 9,480 females, 4.048 males: date
of first entry. 1890.' Registration fees: Animals under 2 years. 81: over 2 years,

$2; transfers, 25 cents. Affiliated foreign society: Not stated.

American Essex Association.—F. M. Srout, McLean. 111., secretary. Number
of registrations: Boars. .1.885; sows, 2.682; date of first entry, September, 1887.

American Small Yorkshire Club.—Gr. W. Harris, 0409 Third avenue, New York,
N. Y.. secretary.
Cheshire Swine Breeders' Association.—B. B. Badger. Ouaquaga, N. Y.. secret

tary. Number of registrations: 2,810.

Chester White Record Association.—W. H. Morris. Indianapolis, Ind., secre-

tary.

American Chester White Record Association.—Carl Freigau. Dayton. Ohio,
tary. Number of registrations: Boars. 3.105; sows. 0.890: date of first entry.

October, 1884. Registration fees: To members, 50 cents for each animal: non-
members, $1; transfers, 25 cents. Affiliated foreign society: None. Eligible to

itry: Chester White hogs on approval of the executive committee of the
association.
American Poland-China Record Company.—W. M. McFadden, West Liberty,

Iowa, secretary.
Central Poland-China Swine Association.—W. H. Morris. Indianapolis. Ind.,

' try.

( >hio Poland-China Record Company.—Carl Freigau. Dayton. Ohio, secretary.
Number of registrations: Boars, 24,432; sows, 58,980; date of first registration.
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March. 1877. Registration fees: Animals under 2 years. $1: over 2 years. $2.
Affiliated foreign society: None. Eligible to registry: Animals whose pedigrees
had already appeared in some reputable record previous to the fall of 1883, thus
furnishing the evidence that the ancestors on both sides trace direct to pure Poland-
China stock, as originated in southwestern Ohio.
Standard Poland-China Rec< >rd Ass< tciation.—George F. Woodworth, Maryville,

Mo., secretary. Number of registrations: 79,688; date of first herdbook, 1887.

Registration fees: To stockholders. 50 cents: nonstockholders, $1: transfers. 25
cents. Affiliated foreign society: None. Eligible to registry: All animals the
direct offspring of animals recorded or eligible to record in existing reputable
records; unrecorded ancestors must he recorded.

Victoria Swine Breeders' Association.—H. Davis. Dyer. Ind., secretary.
Suffolk Swine Association.—VY . F. Watson. Winchester. Ind.. secretary.
National Duroc-Jersey Record Association.—R. J. Evans. El Paso. 111., secretary.

Number of registrations: Males. 3,250; females. 7.500; date of first entry, October
15. L891. Registration fees: To members, 50 cents; nonmembers, §1; for animals
over 2 years old, one-half more. Affiliated foreign society: None. Eligible to

I i*y: Animals whose sires ami dams are recorded in either the National orthe
American Duroc-Jersey record and which are pure red. cherry being the choicest
shade.
The American Tamworth Swine Record Association.—E. N. Ball, Hamburgh

Mich., secretary. Number of registrations: 521: date of first entry. February 1C>,

1898. Registration fees: To numbers.."?) cents; to nonmembers, si. Affiliated
foreign book: The National Pig Breeders' Association Herdbook of England.
Eligible to registry: Only animals whose sires and dams are recorded in the Ameri-
can bonk or the affiliated Englisb book.
The American Yorkshire Club,— William F. Wilcox, Benson, Minn., secretary.

ASSOCIATION OF BREEDERS OF DOGS.

American Kennel club. A. P. Vredenburg, 55 Liberty street, New York, N.Y.,
secretary.

POULTRY ASSOCIATIONS.

National and interstate organizations.

Nairn tion.
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POULTRY ASSOCIATIONS—Continued.

Seeret&ries of Staie poultry associations.

State.
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Dr. H. Z. Gill. Topeka, secretary State board of health.

Taylor Riddle. Marion, secretary live-stock sanitary commission.

KENTUCKY.

'Dr. J. N. McCormack, Bowling Green, secretary State board of health.

Dr. F. T. Eisenman, Louisville. State veterinarian.
A. (i. Herr, St. Matthews, cattle commissioner.

LOUISIANA.

Dr. Will R. Hamian, New Orleans, secretary Stave board of health.

MAINE.

Dr. A. G. Young, Augusta, secretary State board of health.

Dr. George E. Bailey, Deering, State veterinarian.
John M. Deering, Saco, and F. O. Deal. Bangor, cattle commissioners.

<

MARYLAND.

Dr. Jolm S. Fulton, 10 South street, Baltimore. ate board of health.

Dr. A. W. (

'

!

:,
i Cathedral street, Baltimore, State veterinarian.

C. W. Melville, Westminster ock sanitary board.

MASSACHUSETTS.

Dr. Samuel W. Abbott, Boe e board of health.

Dr. ton |
( Jommonwealth Building) . president cattle commis-

sioners.

IHIGAN.

Dr. Henry B. Baker, Lansing, secretary State board of health,

e W. Dunphy, Quincy, State veterinarian.

B !•;• E. Hinds dent State live-stock sanitary commission.

MINNES" oA.

Dr. M. II. Reynolds. St. Anth< my Park. St. Paul, du rinary department
of Stale board of health.

Dr. It. M. P, •

. Paul (Pioneer Press Building) . secretary State hoard of

health.

PPI.

Dr. John F. Hunter. Jackson, secretary State board of health.

Dr. J. C. Robert, Agricultural College^ professor of veterinary science.

Dr. Willis P. King. Kansas City (Fountain place), secretary State board of
health.
Dr. B. F. Luckey. Columbia, State veterinarian.

J. R. Rippey, Columbia, secretary State board of agriculture.

MONTANA.

Dr. M. E. Knowles, Helena, State veterinarian.

NEBRASKA.

H. R. Corbet, Lincoln, secretary State board of health.
Dr. A. T. Peters. Lincoln, secretary State veterinary association.

NEVADA.

Dr. W. H. Patterson, Reno, secretary State board of health.
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NEW HAMPSHIRE.

Dr. Irving A. Watson, Concord, secretary State board of health.
N. J. Bachelder, Concord, secretary hoard of cattle commissioners.

NEW JERSEY.

Dr. Henry Mitchell. Trenton, secretary State hoard of health.
Franklin Dye, Trenton, secretary tuberculosis commission.

NEW MEXICO.

Dr. J. M. Cunningham, East Las Vegas, secretary State board of health.
J. H. La Rue, East Las Vegas, secretary cattle sanitary board.
Harry F. Lee, Albuquerque, secretary sheep sanitary board.

NEW YORK.

Dr. Baxter T. Smelzer, Albany, secretary board of health.
F. W. Smith. TOO South West street, Syracuse, secretary tuberculosis committee.

NORTH .CAROLINIA.

Dr. Richard H. Lewis, Raleigh, secretary board of health.
Dr. Cooper Curtice, Raleigh, consulting veterinarian, State board of agriculture.

NORTH DAKOTA.

Dr. J. W. Dunham, Fargo, chief State veterinarian.
Dr. John Montgomery, Ardoch, secretary board of health.

Dr. C. O. Probst, Columbus, secretary board of health.
Dr. H. J. Detmers, Columbus, veterinary surgeon, State University.
Dr. D. N. Kinsman, Columbus, secretary live-stock commission.

OKLAHOMA.

Dr. C. D. Arnold, Kingfisher, superintendent board of health.
W. E. Bolton Woodward, secretary live-stock sanitary commission.

OREGON.

Dr. William McLean, Portland, State veterinarian.

PENNSYLVANIA.

Dr. Benjamin Lee, 1332 Pine street, Philadelphia, secretary State board of
health.

Dr. Leonard Pearson, 3608 Pine street, Philadelphia, State veterinarian.

RHODE ISLAND.

Dr. Arthur L. Parker, Providence, veterinarian to State hoard of health.
Dr. Gardner T. Swarts, Providence, secretary State board of health.
John S. Pollard, veterinarian State board of agriculture.

SOUTH CAROLINA.

Dr. James Evans, Florence, secretary board of health.
Dr. Gr. E. Nesom, Clemson College, State veterinarian.

SOUTH DAKOTA.

J. L. Harris, Webster, secretary board of health.
Dr. J. W. Elliot. Aberdeen, State veterinarian.
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TENNESSEE.

Dr. J. A. Albright. Somerville, secretary State board of health.
Dr. J. W. Scheiber, Memphis. State veterinarian.

Dr. R. M. Swearingen, Austin. State health officer.

Robert J. Kleberg. Corpus Christi. secretary live-stock sanitary commission.

UTAH.

Dr. T. B. Beatty, Salt Lake City, secretary State board of health.

VERMONT.

Dr. J. H. Hamilton, Richford, secretary board of health.

C. J. Bell. East Hardwick, secretary cattle commission.

VIRGINIA.

Dr. Paulua A. Irving. Richmond, secretary board of health.
Dr. Charles McCulloch, Blacksbuig. state veterinarian.

WASHINGTON.

Dr. Elmer E. Heg. North Yakima, secretary board of health.
Dr. S. B. Nelson. Pullman, veterinarian agricultural experiment station.

WEST VIRGINIA.

Dv. A. R. Barbee, Point Pleasant, secretary State board of health.

D. M. Sullivan, Charleston, secretary board of agriculture. .

\\ [S< ONSIN.

Dr. H. P. Clute, Milton, State veterinarian.
Dr. U. O. B. Wingate, Milwaukee, secretary hoard of health.

WYOMING.

Dr. George T. Seabury, Cheyenne, State veterinarian.
George East, president, board of live-stock commissioners.

CENTRAL COMMITTEE, NATIONAL ROAD PARLIAMENT. 1

Territory. mitteemen. Post office.

una .- Maj. W. W. Screws. Montgomery.
Alaska Qoi erm »r John G. Brady Sitka.
Arizona < l-overnor L. C. Hughes

\

Tucson.
Arkansas G. W. Sappington Little Rock.
California J. A. "Woodson ...: Sacramento.
i !olorado Louis G. Carpenter Fort Collius.
Connecticut Col. ('has. L.Btirdett Hartford.

William Cooch Newark.
ibia Gen. Roy istoue. acting president of league.-- Washington.

Florida J.W.White Jacksonville.
ia Col. G. W. Harrison Atlanta.

Idaho - James Mullany Glenns Ferry.
Illinois S. T. K. Prime, general western secretary of Dwight.

league.
do.. W.C.Garrard—. . Springfield.

Indiana - Mason J. Niblack. Vincennes.
Iowa E. H. Thayer, chairman conference com- Clinton.

mittee.

1 These persons are also the co-workers of Office of Public Road Inquiries, Depart-
ment of Agriculture. They are supplied with the publications of that office as
issued, and in return furnish information of progress in road making in their
respective States.



702 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

CENTRAL COMMITTEE, NATIONAL ROAD PARLIAMENT—Continued.

State or Territory. Committeemen. Post office

.

Kansas
Kentucky,
Louisiana
Maine
M iryland
Massachusetts.
Mi higan
Minnesota
Mississippi
M louri
Montana
Nebraska
Nevada
New Hampshirt
New Jersey

New Mexico - _

.

New York
North Carolina
North Dakota _

Ohio
Oklahoma
Oregon
Rhode Island .

.

South Carolina
South Dakota .

Tennessee
Texas
Vermont
Virginia
Washington ...

W isi-onsin
Wyoming

F.D.Cohurn
Maj.M.H. Crump. _

Guy Samuels
F.J.Ilsley
D.C. Wharton Smith-
George A. Perkins
W.L.Webber
A.B. Choate
Capt. James H. Duke
John R. Rippey
F.H.Ray.-
Curtis Turner..
Gen. John E. Jones.
Ex-Governor David H. Goodell.

E. G. Harrison, general eastern secretary of
league.

E.S. Stover
J. A. C.Wright...
John C. Tipton
W.W.Barrett
Hon. Martin Dodge
A.N. Spencer
Jefferson Myers
C.H. Handy
W.D. Evans ._

O. S. Basford
Mag. C. A.Locke
J. S.Dougherty
J.W.Votey
Thomas Whitehead
J. Hannum Jones
Otto Dorner. general press agent of league ..

C.P.Hill

Topeka.
Bowling Green.
Baton Rouge.
Portland.
Darlington.
Boston.
Saginaw. East Side.
Minneapolis.
Scooba.
Columbia.
Helena.
Omaha.
Carson City.
Antrim.
Asbury Park.

Albuquerque.
Rochester.
Shelby.
Churchs Ferry.
Cleveland.
Yukon.
Salem.
Warren.
Bennettsville.
Red held.
Nashville.
Dallas.
Burlington.
Richmond.
Nooksack.
Milwaukee
Cheyenne.

STATES HAVING OFFICES FOR FOREST WORK.

Kansas.—Forest commissioner, E. D. Wheeler, Ogallah.
Maine.—Forest commissioner, Charles E. Oak, Augusta.
Michigan.—Forest commission, Arthur Hill, president, Saginaw.
Minnesota.—Fire warden, Gen. C. C, Andrews, St. Paul.
New Hampshire.—Forest commission. George H. Moses, secretary. Concord.
New Jersey.—Geological survey. Prof. John C. Smock, director. Trenton.
New York.—Fisheries, game, and forest commission, Austin W. Wadsvvorth,

president, Albany.
North Carolina.—Geological survey. Prof. J. A. Holmes, director, Cbapelhill.
North Dakota.—State superintendent of irrigation and forestry, W. W. Bar-

rett, Bismarck.
Pennsylvania.—Forest commissioner. Dr. J. T. Rothrock, chief, Harrisburg.
Wisconsin.—Forest commission, Ernest Bruncken, secretary, Milwaukee.
West Virginia.—Geologic and economic survey, Dr. I. C. White, superintendent,

Morgantown.

FORESTRY ASSOCIATIONS.

American Forestry Association.—President, James Wilson, Secretary of Agri-
culture; secretary, F. H. Newell, United States Geological Survey, Washing-
ton, D. C.
California Society for Conserving the Waters and Forests.—President, Hon.

J. M. Gleaves; secretary, E. H. Benjamin.
Sierra Club.—President, John Muir, Martinez, Cal.; secretary (corresponding),

Prof. W. R. Dudley, Stanford University, Cal.
Forest and Water Society of Southern California, having a branch in each

southern county.—President, Abbot Kinney, Los Angeles; secretary, William H.
Knight, Los Angeles.
Colorado Forestry Association.—President, W. N. Byers, Denver; secretary,

D. W. Working, Denver.
Connecticut Forestry Association.—President. Maj. Edward V. Preston, Trav-

elers' Insurance Company, Hartford; secretary (corresponding) , Miss Mary Wins-
low, Weatogue.
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Indiana Forestry Association.—President. A. Lieber. Indianapolis: secretary)

J. P. Brown. Connersville.
Massachusetts F< irestrj Association.—President. Henry P. Walcott, Cambridge;

secretary, Allen Chamberlain, Tremont Building, Boston.
Minnesota State Forestry Association.—President, W. W. Prendergast, Hutch-

ison; secretary, George W. Strand, Taylors Falls.

New Jersey Forestry Association.—President. S. Bayard Dod, Hoboken:
retary-treasnrer, J.F. Hall. Atlantic City.

North Carolina Forestry Association.—President, W. E. Petty. Seaboard Air
Line: secretary. W. W. Ashe. Chapelhill.
North Dakota. The Sylvaton Society.—W. W. Barrett. Bismarck.
Mazamas, The.—President, W. G. Steel, Portland. Oreg.; secretary. Frank E.

Donaldson. 364 Stark street, Portland.
Pennsylvania Forestry Association.—President, John Birkinbine. 1012 Walnut

Btreet, Philadelphia; secretary, Dr. Joseph T. Rothrock. commissioner of forestry.

Harrisburg; corresponding secretary, Mrs. John P. Lundy. 215 South Eighteenth
street. Philadelphia.
Franklin Forestry Society, The.—President. Alvin B. Kulm: secretary, W. G.

Bowers, Chambersburg, Pa.
Chester County. S. C.. The Forestry Association of.—President. Judge J.J.

McClure; secretary and treasurer, Prof. H. A. Green. Chester.
Utah Forestry Association.—President. Dr. J. R. Park: secretary. Prof. C. A.

Whiting, S City.
Washington I

'

m.—President. Prof. Edmund S. Meany, Seattle;
secretary. Albert Bryan.

SCHOOLS OF FORESTRY.

Alabama.—State Agricultural and Mechanical College, Auburn: One term, two
hours a week: lectures and occasional field work.

ARKANSAS.—Arkansas Industrial University. Fayetteville: One term, twice a
week; with horticulture.

California.—University of Southern California, Los : Full com
Colorado.—The State Agricultural College of Colorado, Fort Collins: Portion

of junior term in horticultu
Connecticut.—Yale Forest School: A two years' grai Lrse.

Storrs Agricultural College, Storrs: Touched on in horticultural course.
Georgia.—Georgia Sta1 je of Agriculture and Mechanic Arts. Athens:

Junior year in horticulture concludes with short course in forestry.
Idaho.—College of Agriculture of the University of Idaho, Moscow: General

practical course.
iLLlNi us.—College of Agriculture of the University of Illinois. Urbaua: One term,

twice a week: general.
Indiana.—Purdue University, Lafayette: Elective in senior year: general instruc-

tion.

Iowa.—Iowa State College of Agriculture and Mechanic Arts. Ames.
Kansas.—Kansas Stat" Agricultural College, Manhattan: One term, three times

a week: general instruction.
Kentucky.—Berea College. Berea: General instruction.

Ogden College, Bowling Green: Just introduced.
Probably also at the Agricultural and Mechanical College of Kentucky,

Lexington.
Maine.—The University of Maine. Orono: With horticulture and botany only.
Maryland.—Maryland Agricultural College. College Park: Only incidentally.
Massacht*setts.—Massachusetts Agricultural College, Amherst: "With horticul-

ture.
Harvard University. Cambridge: Arboriculture taught.

Michigan.—Michigan Agricultural College, Agricultural College: One term, three
times a week, and daily lectures during half of another term: general instruc-
tion.

State University. Ann Arbor: Some instruction.
State Normal School, Ypsilanti: Some instruction.

Minnesota.—College of Agriculture of the University of Minnesota, St. Anthony
Park. St. Paul: Four times a week for two terms. Course 1. lectures cover-
ing general principles and Minnesota conditions. Cotirse 2, lectures and field
work; practical conditions.
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Mississippi.—Mississippi Agricultural and Mechanical College. Agricultural Col-
lege: Touched on in botany.

Missouri.—College of Agriculture and Mechanic Arts of the University of Mis-
souri, Columbia: One semester, two hours a week; general instruction.

Montana.—The Montana College of Agriculture and Mechanic Arts, Bozeman:
Lectures and field work, with agriculture.

Nebraska.—The Industrial College of the University of Nebraska. Lincoln: One
semester, twice a week: general instruction, including dendrology.

Nevada.—School of Agriculture of the Nevada State University, Reno: One
year, three hours a week; with horticulture.

New Hampshire.—New Hampshire College of Agriculture and the Mechanic.
Arts, Durham: Two terms, twenty exercises each: general instruction.

New York.—New York State College of Forestry at Cornell University. Ithaca:

Four years* course; practical instruction afforded by a demonstration area of

30.000 acres of State forest.

North Carolina.—Biltmore School of Forestry, Biltmore: One-year course,

comprising practical work in the forest, theoretical instruction, and forest

research. No botany or other auxiliary sciences.

The North Carolina College of Agriculture and Mechanic Arts, West
Raleigh:.One term, one hour a week; lectures only.

North Carolina State University, Chapel Hill: Short course of lectures on
forest conditions and need of management.

North Dakota.—North Dakota Agricultural College. Agricultural College: Four
weeks, five hours a week; confined chiefly to forest influences on climate and
soil conditions.

Ohio.—Ohio State University, Columbus: One term, twice a week: general instruc-

tion.

Oklahoma.—Oklahoma Agricultural and Mechanical College, Stillwater: One
term in connection with horticulture; general instruction, including demon-
stration on experiment station farm.

Oregon.—Oregon' State Agricultural College, Corvallis: One term: optional in

botany course.
Pennsylvania.—University of Pennsylvania. Philadelphia: General course.

The Pennsylvania State College, State College: One term; lectures on gen-

eral principles. Other schools.

Rhode Island.—Rhode Island College of Agriculture and Mechanic Arts. Kings-
ton: One term, three times a week; elective in horticulture course.

South Dakota.—South Dakota Agricultural College, Brookings: Three to four
hours a week; general instruction and field work.

Tennessee.—University of the South, Sewanee: General course.

Texas.—State Agricultural and Mechanical College of Texas, College Station:

Ten weeks, twice a week; general instruction.

Vermont.—University of Vermont and State Agricultural College. Burlington:

One half year, two hours a week, general instruction with some field work.
Washington.—Washington Agricultural College and School of Science. Pullman;

One semester; attention chiefly devoted to plantations, with considerable

field work.
University of Washington. Seattle: Some instruction.

West Virginia'.—West Virginia University, Morgantown: Twelve weeks, rive

times a week; lectures on general principles.

Wisconsin.—College of Agriculture of the University of Wisconsin. Madison:
One year, twice a week; general instruction:

Wyoming.—College of Agriculture of the University of Wyoming, Laramie:
With horticulture.

OFFICERS OF HORTICULTURAL AND KINDRED SOCIETIES.

AMERICAN ASSOCIATION OF NURSERYMEN, 1900.

President. W.J. Peters. Troy, Ohio: vice-president. E. Albertson. Bridgeport,

Ind.; secretary, George C. Seager, Rochester, N. Y.; treasurer, C. L. Yates,

Rochester, N. Y.

AMERICAN CARNATION SOCIETY. 1900.

President, William P. Craig. Philadelphia. Pa.: vice-president.William F. East-

ings, Buffalo. N. Y.: secretary, Albert M. Herr, Lancaster. Pa.; treasurer. Fred
Dinner, jr., Lafayette, Ind.
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AMERICAN CRANBERRY GROWERS' ASSOCIATION, 1900.

President, E. H. Durell, Woodbury. N. J.: first vice-president. Joshua S. Wills,
Medford, N. J.: second vice-president, C. L. Holman, Toms River, N. J.; secretary
and treasurer, A. J. Rider, Trenton. N. J.

AMERICAN POMOLOGICAL SOCIETY, 1899-1900.

President, C. L. Watrous, Des Moines, Iowa: vice-president, Thomas Meehan,
Germantown, Pa.: secretary. William A. Taylor. 55 Cj street NE.. Washington,
D. C; treasurer. L. R. Tat't. Agricultural College, Michigan.

AMERICAN HOSE SOCIETY. 1900.

President. Benjamin Dorrance, Dorrancetown, Pa.; treasurer. John N. May r

Summit. N. J.: secretary. Leonard Barron, 136 Liberty street. New York. N. Y.

CIDER AND CIDER-VINEGAR ASSOCIATION OF THE NORTHWEST. 1900.

President. F. C. Johnson, Kishwaufcee, 111.: first vice-president, G. W. Hilliard r

Brighton, 111.: second vice-president, George Keightley, Clarksville, Mo.; secretary *

and treasurer, George Miltenberger, No. 313 North Second street. St. Louis. Ma,

EASTERN NURSERYMEN'S ASSOCIATION, 1900.

President. W. C. Barry. Rochester. N. Y.: vice-president, R. G. Chase. Geneva,
N. Y.: secretary and treasurer, William Pitkin, Rochester, N. Y.

MISSOURI VALLEY HORTICULTURAL SOCIETY. 1900.

President, Homer Reed. Tenth and Broadway. Kansas City. Mo.; vice-president.
Edwin Taylor. Edwardsville, Kan-.: secretary, A. Chandler, Argentine, Kans.;
treasurer, <;. F. Espenlaub, Etosedale, Kans.

NORTHWEST FRUIT GROWERS' ASSOCIATION, 1900.

President, Dr. X. a. Blalock, Wallawalla,Wash.; vice-presidents, L. A. Porter,
Lewiston, Idaho: E. L. Smith, Hood River. Oreg.; Frank L. Wheeler, North
Yakima, Wash. ; E. Butcheson, Landers, B.< .: secretary, H. E. Dosch, Portland,
Oreg.: treasurer, VY. S. Offner, Wallawalla, Wash.

PENINSULA HORTICULTURAL SOCIETY, 1900.

President. Joseph E. Carter. Smyrna. Del.: vice-president, Orlando Harrison,
Berlin. Md.: secretary-treasurer. Wesley Webb. Dover. Del.

SOCIETY OF AMERICAN FLORISTS AND ORNAMENTAL HORTICULTURISTS. 1900.

President. Edmunc M. Wood. Natick. Mass.: vice-president, F. R. Pierson,
Tarrytown, N. Y.: secretary, William J. Stewart, Boston. Mass.: treasurer, H. B.
Beatty, Oil City, Pa.

WESTERN ASSOCIATION OF WHOLESALE NURSERYMEN, 1900.

President. A. L. Brooke, North Topeka. Kans.: vice-president, R. H. Blair,
Kansas City, Mo.: secretary and treasurer, U. B. Pearsall, Leavenworth, Kans.

STATE SOCIETIES.

Arkansas State Horticultural Society. 1900.—President S. H. Nowlin. Little
Rock; vice-president. W. J. Patton, Springdale; secretary, W. K. Tipton. Little
Rock; treasurer. Joseph Vestal. Little Rock.

California State Floral Society. 1900.—President, Emory E. Smith, Palo Alto;
secretary, Mrs. H. P. Tricou, San Francisco.
Pomological Society of California. 1900.—President, Abbot Kinney, Los Angeles;

vice-president. D. Edson Smith, Santa Ana: secretary and treasurer, G. H. A.
Goodwin. Los Angeles.
Colorado State Horticultural Society. 1900.—President. W. S. Coburn. Hotch-

kiss; secretary, W. B. Osborn, Denver.

1 A 99 45
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Connecticut Pomological Society, 1900.—President J. H. Merriman. New Britain;
vice-president, G. S. Butler, Cromwell; secretary, H. C. C. Miles, Milford; treas-
urer, R. A. Moore, Kensington.
Florida State Horticultural Society, 1900.—President, G. L. Taber, Glen St.

Mary; secretary, Stephen Powers, Jacksonville; treasurer, W. S. Hart, Hawks
Park.
Georgia State Horticultural Society, 1900.—President, P. J. Berckmans, Augusta;

vice-president, First district, G. M. Ryals, Savannah: secretary, G. H. Miller,
Rome; treasurer, Louis A. Berckmans, Augusta.
Idaho State Horticultural Society, 1900.—President, Charles P. Hartley. Cald-

well; vice-president. Robert Schleicher, Lewiston; secretary, Robert Milliken,
Nampa; treasurer, G. T. Hamill, Nampa.

Illinois State Horticultural Society, 1900.—President, Henry M. Dunlap, Savoy;
vice-president, H. A. Aldrich, Neoga; secretary, L. R. Bryant, Princeton; treas-

urer, J. W. Stanton, Richview.
Indiana Horticultural Society, 1900.—President, C. M. Hobbs, Bridgeport; .sec-

retary, James Troop, Lafayette; treasurer, Sylvester Johnson, Irvington.
Iowa State Horticultural Society, 1900.—President, Charles F. Gardner, Osage;

vice-president, M. J. Wragg, Waukee; secretary, Wesley Greene, Des Moines;
treasurer, W. M. Bomberger, Harlan.
Kansas State Horticultural Society, 1900.—President, Fred Wellhouse, Topeka;

vice-president, J. W. Robison, Eldorado; secretary, William H. Barnes, Topeka;
treasurer. Frank Holsinger, Rosedale; entomologist. Perry J. Parrott. Manhattan.
Kentucky State Horticultural Society, 1900.—President, M. F. Johnson, Fern

Creek; secretary, J. C. Hawes, Fern Creek.
Maine State Pomological Society, 1900.—President, W. M. Munson, Orono;

first vice-president, S. H. Dawes, Harrison; second vice-president, D. P. True,
Leeds Center; secretary-treasurer, Charles S. Pope, Manchester.
Maryland State Horticultural Society, 1900.—President, James S. Harris, Cole-

man; vice-president, J. P. Blessing, Brownsville; secretary and treasurer, W. G.
Johnson, College Park.
Massachusetts Fruit Growers' Association, 1900.—President, George Cruick-

shanks, Fitchburg; vice-president, H. O. Mead, Lunenburg; secretary; S. T.

Maynard, Amherst; treasurer, Ethan Brooke, West Springfield.

Massachusetts Horticultural Society, 1900.—President, Francis H. Appleton,
Boston; vice-president, Charles H. B. Breck, Boston; secretary, Robert Manning,
101 Tremont street, Boston; treasurer, Charles E. Richardson, 101 Tremont street,

Boston.
Michigan State Horticultural Society, 1900.—President, C. J. Monroe. South

Haven; vice-president, R. D. Graham, Grand Rapids; secretary, C. E. Bassett,

Fennville; treasurer, Asa W. Slayton, Grand Rapids.
Minnesota State Horticultural' Society , 1900.—President, W. W. Pendergast,

Hutchison; vice-president, F. W. Kimball, Austin; secretary, A. W. Latham. 207

Kasota Block, Minneapolis; treasurer, H. M. Lyman, Excelsior.

Missouri State Horticultural Society, 1900.—President, N. F. Murray. Oregon:
vice-president, D. A. Robnett, Columbia; secretary, L. A. Goodman, Westport;
treasurer, A. Nelson, Lebanon.
Montana State Horticultural Society, 1900.—President, S. M. Emery, Bozeman;

secretary and treasurer, C. H. Edwards, Missoula.
Nebraska State Horticultural Society, 1900.—President, George A. Marshall,

Arlington; vice-president, J. H. Hadkinson, Omaha; secretary, C. H. Barnard,
Table Rock; treasurer, Peter Youngers, jr., Geneva.
New Hampshire Horticultural Society, 1900.—President, C. C. Shaw. Milford;

vice-president. J. W. Farr, Littleton; secretary, W. D. Baker, Quincy; treasurer.

T. E. Hunt, Lakeport.
New Jersey State Horticultural Society, 1900.—President, Henry E. Hale.

Princeton; vice-president, William H. Reed. Tennent; secretary, Henry I. Budd,
Mount Holly; treasurer, Charles L. Jones, Newark.
New Mexico Horticultural Society, 1900.—President, L. Bradford Prince. Santa

Fe; vice-president, W. S. Harroun, Santa Fe; secretary, Jose D. Sena. Santa Fe;
treasurer, Soloman Spiegelberg, Santa Fe.
North Carolina State Horticultural Society. 1900.—President. J. Van. Lindb y.

Pomona; vice-president, W. F. Massey, Raleigh; secretary and treasurer, Thomas
L. Brown, Greensboro.
Ohio State Horticultural Societv, 1900.—President, E. H. Cushman, Euclid;

vice-president, W. N. Scarff, New Carlisle; secretary, W. W. Farnsworth, Water-
ville; treasurer

;
N. Ohiner, Dayton.



HORTICULTURAL SOCIETIES. 707

Oregon State Horticultural Society, 1900.—President* Dr. J. R. Cardwell. Port-
land: first vice-president, William Galloway, Oregon City: second vice-president.
H. M. Williamson. Portland: secretary and treasurer. E. R. Lake. C >rvallis.

Pennsylvania State Horticultural Association. 1900.—President. Howard A.
Chase. 1430 South Penn Square, Philadelphia: vice-president. Daniel D. Herr,
Lancaster; M. C.Dunlevy. Carnegie; recording secretary. E. B. Engle. Waynes-

cretary, W. T. Brinton. Christiana: treasurer. Samuel
Loon, Morris vi lie.

Pennsylvania Horticultural Society, 190 >.—Presid nt, James M Rhodes. Third
and Chestnut streets. Philadelphia: vice-president, Robert Craig, Forty-ninth.and
Market streets. Philadelphia: secretary. David Rust. Horticultural Hall, Phila-
delphia: treasurer. Sidney W. Keith. Land Title Building. Philadelphia.
Rhode Island Horticultural Society. t900.—President, J. E. C. Farnham. Provi-

dence: vice-presidents, R. H. I. Goddard, Providence, Royal C. Taft. Providence,
ph D. Fitts, Providence; secretary and treasurer. Charles W, Smith. 61

Westminster street, Providei
South Dakota State Horticultural Society. L900.—President, H. C. Warner.

Forestborg; vice-president, L. R. Alderman, Hurley: secretary. N.E.Hansen,
Brookings; treasurer, G. H. Whiting, Yankton.
Texas' State Horticultural Society, 19 ">.—President. F. T. Ramsey, Austin-

vice-presidents, p. I. Burch, Rockport, S. D. Thompson. Bowie; secretary. Samuel
H. Dixon. Pauli: treasurer. D. O. Lively. Fort Worth.
Vermont Horticultural Society. 1900.—President. T. L. Kinney. South Hero;

secretary and treasure r, F. A. Waugh, Burlington.
Virginia State Horticultural Society, 1900.—President. Samuel B. Woods,

Charlottesville; vice-president, A. F. Mosby, Richmond: recording secretary.

George I".. MEurrell, Fontella; corresponding secretary and treasurer. Walter
Wha "t.

Wesl Virginia State Horticultural Society, l!x>0.—President. R. C. Burkhart,
Martinsburg; vice-president, •'. H. Crawford, Organ Cave; secretary L. C.

tt. Morgantown.
jconsin State Horticultural Society, 1900.—President. Franklin John*

Baraboo; vice-president, T. E. Loope, Eureka: secretary. J. L. Herbst, Sparta;
treasurer. R. J. Coe, Fort Atkinson.
Wisconsin State Cranberry Growers' Association, 1900.— President. Charles

Briers. Grand Rapids; vice-president, S. M. Whittlesey, Cranmoor; secretary.
W. H. Fitch. Cranmoor; treasurer, Melvin Potter, Centralia.

n[CEES AM) MEMBERS "1' STATE BOARDS OF il« >RTI( LLTCRE.

California State B >ard of Horticulture. 1000.—President, Elhvood Cooper. Santa
Barbara: vice-president, FrankH Buck. Vacaville; secretary and chief horticul-
tural officer, B. M. Lelong, Sacram snto; treasurer, WilliamB. Gester, Newcastle;
auditor. R. 1). Stephens, Sacramento; quarantine officer and entomologist,
Alexander Craw, Sacramento; clerk, E. F. Hallahan. Sacramento: district com-
missioners, Thomas A. Rice. H. Weinstock. Benjamin M. Maddox, A. Block,
W. T. Hotchi
Indiana State Board of Horticulture. 1900.—President. C. M. Hobbs. Bridgeport;

vice-presidents, Mrs. W. W. Stevens. George P. Campbell, Amos Garretson, J.
1 '. t. ossman; - cretary, J. Troop, Lafayene: treasurer. Sylvester Johnson.
Irvington; executive committee. E. Y. Teas. L. B. Custer. J. C. Stevens.
Montana Stat.- Board of Horticulture. 1900.—President, I. D. 0*Donnell, Billings;

bary,C. H. Edwards, Missoula; district committeemen, S. M. Emery, W. H.
Campbell, D. E. Bandmann, J. H. Edwards; Governor R. B. Smith, ex officio,

Helena.
Oregon State Boai-d of Horticulture. 1000.—President, H. B. Miller: secretary.

Henry E. Dosch; treasurer. Lloyd T. Reynolds: commissioners. Wilbur K.
Newell, Lloyd T. Reynolds. A. H. Carson. Entile Sehanno, and Judd Geer.
Utah State Board of Horticulture, 1900.—President, Thomas Judu: vice-presi-

dent, H. E. Carey; secretary. J. A. Wright, Ogden.

LOCAL HORTICULTURAL SOC1ET1

Horticultural Society of Central Illinois. 1900.—President, H. Augustine. Nor-
mal; vice-president. G. J. Foster, Bloomington; secretary, J. C. Blair, Champaign.
Horticultural Society of Northern Illinois. 1900.—President. J. L. Hartwell,

Dixon; vice-president, O. W. Barnard, Manteno; secretary. A. W. Bryant. Prince-
ton; treasurer, L. Woodard, Zilarengo.
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Horticultural Society of Southern Illinois, 1900.—President, J. W. Stanton,
Richview; vice-president, L. N. Beal, Mount Vernon; secretary and treasurer,

E. G. Mendenhall, Kinmundy.
Northeastern Iowa Horticultural Society, 1900.—President, Charles F. Gardner,

Osage; vice-president, Elmer Reeves, Waverly; secretary, Charles H. True, Edge-
wood; treasurer, G. A. Ivins, Iowa Falls.

Northwestern Iowa Horticultural Society, 1900.—President, P. F. Kinne, Storm
Lake; vice-president, J. C. Winsett, Fostoria; treasurer, Ben Shoultz, Correction-
ville; secretary, W. B, Chapman, Washta.
Southeastern Iowa Horticultural Society, 1900.—President, W. S. Fultz, Mus-

catine; vice-president, W. T. Richey, Albia; secretary, C.W. Burton, Cedar Rap-
ids: treasurer. F. R. Harrington, York Center.
Southwestern Iowa Horticultural Society, 1900.—President, J. P. Jackson,

Glenwood; vice-president, Silas Wilson, Atlantic; secretary, W. M. Bomberger.
Harlan: treasurer. I. M. Needles. Atlantic.
Horticultural Association of Western Maryland, 1900.—President, Charles C.

Biggs, Sharpsburg; vice-president, Caleb Long, Downsville; secretary and treas-

urer, Arthur L. Towson. Smithsburg.
Cape Cod Cranberry Growers' Association, 1900.—President, Emulus Small.

Harwick Port. Mass.; vice-president, Luther Hall, Dennis, Mass.; secretary
and treasurer, Franklin Crocker, Hyannis.
West Michigan Horticultural Society, 1900.—President, R. M. Kellogg, Three

Rivers; secretary, C. A. French, Grand Rapids; treasurer, A. Hamilton. Bangor.
Southern Minnesota Horticultural Society, 1900.—President, J. C. Hawkins,

Austin; vice-presidents, O. L. Gregg, Austin, and O. W. Moore, Spring Valley:
secretary and treasurer. Robert Parkhill, Chatfield.

Central Missouri Horticultural Associrtion, 1900.—President; D. F. Nixon, Har-
riston; vice-president, D. Edwards, Boonville; secretary, C. C. Bell, Boonville:

treasurer, W. A. Smiley, Boonville.
South Missouri Horticultural Association, 1900.—President, D. J. Nichols.West

Plains; secretary and treasurer, J. T. Snodgrass, West Plains.

Eastern New York Horticultural Society, 1900.—President, James Wood, Mount
Kisco; vice-president,W. F. Taber, Poughkeepsie; secretary and treasurer, Edwin
C. Powell, Ghent.
Western New York Horticultural Society, 1900.—President, W. C. Barry.

Rochester; vice-presidents, S. D. Willard, Geneva; J. S. Woodward, Lockport:
Albert Wood, Carlton Station; T. B. Wilson, Halls Corners; secretary, John
Hall, Rochester.
West Tennessee Horticultural Institute, 1900.—President, J. W. Rosaman,

Gadsden; vice-president, L. C. James, Gibson; secretary and treasurer, J. D. John-
son, Henderson.
East Tennessee Horticultural Society.—President, E. F. Wetmore, Ogden: sec-

retary and treasurer, H. Lightf'oot, Chattanooga.

NATIONAL, SECTIONAL, AND STATE BEE KEEPERS' ASSO 3IATIONS.

UNITED STATES.

National Bee Keepers" Association.—President, E. R. Root, Medina. Ohio: secre-

tary, A. B. Mason, Toledo, Ohio; general manager and treasurer, Eugene Secor,

Forest City, Iowa.
CALIFORNIA.

California Bee Keepers' Exchange.—Secretary, J. H. Martin. Riverside. Cal.

California State Bee Keepers' Association.—President, R. Wilkin, Ventura, Cal.

:

secretary, J. F. Mclntyre, Sespe, Cal.
Central California Bee Keepers' Association.—Secretary, F. E. Brown. San

Francisco.

COLORADO.

Colorado State Bee Keepers' Association.—President, R. C. Aikin, Loveland,
Colo.; secretary, Frank Rauchfuss, Denver, Colo.

( ( >X.\ECTICUT.

Connecticut Bee Keepers' Association.—Secretary, Mrs. W. C. Riley, Water-
bury, Conn.
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ILLINOIS.

Illinois State Bee Keepers' Association.—President, C. C. Miller, Marengo, 111.:

secretary, James A. Stone. Bradfordton, 111.

Northern Illinois Bee Keepers* Association.—Secretary, B. Kennedy. New
Milford, 111.

INDIANA.

Indiana State Bee Keepers* Association.—President, E. S. Pope, Indianapolis,
Iii'l. : secretary, W. S. Ponder, Indianapolis. Ind.

IOWA.

Eastern Iowa Bee Keepers' Association.—Secretary. W. A. Hay, Ananiosa,
Iowa.

KANSAS.

S mtheastern Kansas Bee Keepers' Association.—President. J. P. Ralston. Union-
town. Kans.; secretary) J- C. Balch, Bronson, Kans.

«

MICHIGAN.

Michigan State Bee Keepers' Association.—President, George E. Hilton, Fre-
mont. Mich.; secretary. William G. Voorheis, South Frankfort, Mich.

MINNESOTA.

Minnesota Bee Keepers" Association.—President, J. P. West. Hastings, Minn.;
secretary, L. D. Leonard, Minneapolis, Minn.
s .iithem Minnesota Bee Keepers' Association.—President, E. B. Huffman.

Honiei', Minn.

NEBRASKA.

Nebraska Bee K< epers' Associ ition.—President, E. Whitcomb, Friend, Nebr.;
tary, L. D. Stilson, York, Nebr.

NEW YORK.

New York State Association of Bee Keepi rs' Societies.—President. W. F. Marks,
CliapiuviHe. X. V.: secretary-treasurer, C. B. Howard, Romulus, N. Y.
New York State Bee Keepers' Association.—President, I. L. Scofield, Chenango

Bridge. N. Y.; secretary. J, H. Knickerbocker, Pleasant Valley, N. Y.

OHIO-PENNSYLVANIA.

Northeastern Ohio and Northwestern Pennsylvania Bee Keepers' Association.

—

ary, Ed Jolley, Franklin, Pa.

TENNESSEE.

Southern East Tennessee Bee Keepers' Association.—President, M. T. Fouts,
Parksville, Tenn.: secretary. W. J. Copeland, Fetzerton, Tenn.

Central Texas Bee Keepers' Association.—President, E. Y. Terral, Cameron,
Tex.: secretary, E. R. Jones, Milano, Tex.
South Texas Bee Keepers' Association.—President. M. M. Faust, Floresville,

Tex.: secretary. G. W. Huffstedler, Beeville, Tex.
Texas State Bee Keepers' Association.—President, W. R. Graham, Greenville,

Tex.: secretary and treasurer, J. N. Hunter, Leonard. Tex.

Utah Bee Keepers' Association.—President. E. S. Lovesy. Salt Lake City, Utah;
secretary and treasurer, J. B. Fagg, Mill Creek,Utah.
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VERMONT.

Vermont Bee Keepers' Association.—Secretary, M. F. Cram, "West Brook-
field, Yt.

WASHINGTON.

Washington State Bee Keepers' Association.—Secretary, L. R. Freeman, North
Yakima, Wash.

WISCONSIN.

Southwestern Wisconsin Bee Keepers' Association.—President, N. E. France,
Platteville, Wis.: secretary, F. L. Murray, Calamine, Wis.
Wisconsin State Bee Keepers' Association.—Secretary, Miss Ada Picjcard,

Richland Center.

STATE OFFICIALS CONCERNED WITH THE PROTECTION OF BIRDS
AND GAME. 1

CALIFORNIA.

Board of fish commissioner*. 2

President, Alexander T. Vogelsang, Mills Building, San Francisco ; Charles B.
Gould, Oakland; H. W. Keller, Santa Monica; chief deputy, John P. Babcock,
San Francisco.

COLORADO.

Department of game and fish.

Commissioner, Thos. H. Johnson, 35 Capitol Building, Denver; chief wardens,
first district, Frank Fenn, Denver: second district, James Lyttle, Meeker: third
district. W. A. Lee, Glenwood Springs; fourth district, B. F. Jay, Grand Junc-
tion; fifth district, E. H. Norton, Montrose.

CONNECTICUT.

Commission of fisheries and geime.

President, George T. Mathewson, Thompsonville; secretary, Alden Soimans,
South Norwalk.

ILLINOIS.

State game commissioner.

Henry W. Loveday, Springfield; suboffice, S16 Schiller Building, Chicago.

INDIANA.

Commissioner offisheries and game.

Z. T. Sweeney, Columbus.

IOWA.

Vish and game warden,

George E. Delavan, Estherville.

MAINE.

Commissioners of inland fisheries and. game.

Chairman, L. T. Carleton, Augusta; Henry O. Stanley, DLsfield; Charles B.
Oak, Caribou.

1 Coireete<i iu April 1, Him). '-'Has jurisdiction over matters relating to game.
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MARYLAND.

Game warden.

it II. (Gilbert, Culvert and Lombard streets, Baltimore.

MASSACHUSETTS.

< 'ommissioners offisheries and game.

Chairman, Joseph W. Collins, Boston; secretary, Edward A. Brackett, Win-
chester; Elisha D. Buffington; Worcester.

MICHIGAN.

Gameandfish warden department.

Warden, Grant M. Morse, Portland; chief deputy, Charles E. Brewster,
Portland.

MINNESOTA. «

Fish and game commissioners.

President, A. T. Williams, Minneapolis; vice-president, Jacob Danz 2d. St.
Paul; secretary, W. W. Ward. Fairmont: treasurer, A. L. Cramb, St. Cloud:
executive agent, John Beutner, Proctorknott.

MISSOI RI.

Game and fish warden.

A. J. D. Burford, Burfordville.

Montana.

Board of game and fish commissioners.

Chairman. Prof. M. J. Elrod, Missoula: secretaiy, R. A. Waagner. Bozeman;
State warden. H. Percy Kennett, Victor.

NEW HAMPSHIRE.

Fish null game commission.

Chairman, N. Wentworth, Hudson Center; financial agent, W. H. Shurtleff,
Lancaster; secretary, F. L. Hughes, Ashland.

NEW JERSEY.

Fish and game commissioners.

President and treasurer, Howard P. Frothingham, Mount Arlington: William
A. Halsey, Newark; Benj. P. Morris. Long Branch; J. Prank Budd, Burlington
City; fish and game protector, George Riley. 190 Broad street, Newark.

NEW YORK.

( 'ommissioners offisheries, game, and forests.

President. W. Austin Wadsworth, Livingston County; Percy Lansdowne,
Buffalo, Erie County: Delos H. Mackey, Delaware County; B. Frank Wood.
Queens County; De Witt C. Middleton, Watertown, Jefferson County; chief
protector, J. Warren Pond, Albany.

NORTH DAKOTA.

Game warden.

Geo. E. Bowers, Fargo.
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OHIO.

Commissioners of fish and game.

President, George Falloon. Athens: J. C. Burnett, Sabina; Albert Brewer, Tiffin;
James W. Owens, Newark; A. J. Hazlett, Bucyrus; secretary and chief warden.
L. H. Reutinger, Athens.

OREGON.

Game warden.

L. P. W. Quimby. Portland.

PENNSYLVANIA.

Board of game commissioners.

President. William M. Kennedy. Allegheny City; C. K. Sober, Lewisburer;
James H. Worden, Harrisburg; E. B. Westfall, Williamsport; Dr. Charles B.
Penrose, Philadelphia; I. A. Stearns, Wilkesbarre; secretary, Dr. Joseph Kalbfus,
Harrisburg.

RHODE ISLAND.

Commissioners of birds.

Chairman, F. H. Peckham, jr., Providence County; E. R. Lewis. Washington
County; William H. Thayer, Bristol County; A. 0*D. Taylor, Newport County;
secretary, Thomas W. Penney, Kent County.

UTAH.

Fish and game warden.

John Sharp, Salt Lake City.

VERMONT.

FisJi and game commissioners.

John W. Titcomb, St. Johnsbury; Horace W. Bailey, Newbury.

WASHINGTON.

Fish commissioner and game warden.

A. C. Little, 210-212 Berlin Building, Tacoma.

WISCONSIN.

Fish and game warden

James T. Ellarson, Madison.

WYOMING.

Albert Nelson, Jackson.

W. M. Ingram, Winnipeg

Game warden.

MANITOBA.

Game guardian.

NEW BRUNSWICK.

Crown land departments

Surveyor-general. A. T. Dunn, Fredericton; chief game commissioner, L. B.
Knight, St. John; commissioner of fisheries, D. G. Smith. Chatham.

1 Has jurisdiction over matters relating to protection of game
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NEWFOUNDLAND.

Department of marine and fisheries.*

Deputy minister. E. C. Watson. St. Johns: secretary. M. Harvey. St. Johns.

X()VA SCOTIA.

Nova Scotia Game and Inland Fishery Protection Society.

President, Col. Clerke; vice-presidents. H. N. Wallace, L. G. Power: secretary.
Geo. Piers. Halifax: treasurer. H. X. Wallace; chief game commissioner. C. S.
Harrington; commissioners. A. O. Pritchard, New Glasgow, Donald Ross. Mar-
garee, Cape Breton Island: W. S. Crooker, Queens County; Albert Bigney, Cum-
berland.

ONTARIO.

• commission.

Chairman. Dr. G. A. MacCallum, Dunnville: James Dickson. Fenelon Falls;*
W. <;. Parrish, Athens; W. B. Wells, Chatham; H. S. Osier. Toronto: chief
game warden. E. Tinsley. Parliament Building, Toronto.

QUEBEC.

Department of lands, fort sts, andfisfn ries—Fisheries and game branch.

amissioner, S. N. Parent; assistant commissioner, E. E. Paine: superin-
tendent, L. Z. Joncas; general inspector and assistant superintendent. H. de Puy-
jalon, Quebec; provincial game keepers, N. E. Cormier. Aylmer East: Joseph
Riendeau, Montreal.

NATIONAL ORGANIZATIONS FOR PROTECTION OF BIRDS AND
GAME.

AMERICAN ORNITHOLOGISTS' ONION—COMMITTEE ON PROTECTION OF NORTH
AMERICAN BIRDS.

Chairman. Witmer Stone. Academy Natural Sciences. Philadelphia, Pa.: E. H.
Forbush, Maiden, Mass.: William Dutcher, 525 Manhattan avenue, New York.
N. Y.: Mrs. Olive Thome Miller. 628 Hancock street. Brooklyn. N. Y.; Mrs.
Edward Robins, 11 ! Soutb Twenty-firsl street. Philadelphia. Pa.; Mrs. Florence
Merriam Bailey. Washington, D. C; T. S. Palmer. Department of Agriculture,
Washington, D. C; Ruthven Deane, 24 Michigan avenue. Chicago, 111.: O. Wid-
mann. Old Orchard, Mo.; Mrs. E. Irene Rood. Fort Worth. Tex.: Leverett M.
Loomis, California Academy of Sciences. San Francisco. Cal.; A. W. Anthony,
Taylorsville, Cal.; Mrs. Louise McGowen Stephenson, Helena. Ark.

LEAGUE OF AMERICAN SPORTSMEN.

President. G. O. Shields. 23 West Twenty-fourth street. New York. N. Y.
Secretarv. Arthur F. Rice. 155 Pennington avenue, Passaic. N. J.

Treasurer. F. S. Hyatt, National Exchange Bank. 90 West Broadway, New
York. N. Y.
Chief wardens of State divisions:

California—Dr. David Starr Jordan. Stanford University.
Colorado—A. Whitehead. IT Bank Block, Denver.
Connecticut—Ralph B. Lawton. Bridgeport.
Illinois—H. W. Loveday. 816 Schiller Building. Chicago.
Massachusetts—Dr. Heber Bishop. 4 Post-Office square, Boston.
Michigan—J. Elmer Pratt. Grand Rapids.
Minnesota—S. A. Smart. St. Paul.
Montana—Prof. M. J. Elrod, Missoula.
New Jersey—A. W. Van Saun. Pompton Plains.
New York—A. E. Pond. 148 Fifth avenue, New York City.

1 Has jurisdiction over matters relating to protection of game.
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Chief wardens of State divisions—Continued.
Ohio—L. H. Reutinger, Athens.
Oregon—Robert F. Kelly, Box 188. The Dalles.

Pennsylvania—C. F. Emerson, 189 North Perry street, Titusville-

Utah—John Sharp. Salt Lake City.

Vermont—W. E. Mack, Woodstock.
Virginia—Franklin Stearns, 13 North Eleventh street, Richmond.
Washington—J. S. Stangroom, New Whatcom.
Wisconsin—James T. Brought, Milwaukee.
Wyoming—Dr. Frank Dunham, Lander.

NATIONAL GAME, BIRD, AND FISH PROTECTIVE ASSOCIATION.

President, A. L. Lakey, Kalamazoo, Mich.
Secretary, C. E. Brewster, Grand Rapids. Mich.
Treasurer, J. P. Banium, Prairie du Chien, Wis.

NATIONAL SPORTSMEN'S ASSOCIATION.

President, Charles Tatham, New York, N. Y.

Secretary-treasurer, J. A. H. Dressel, 280 Broadway. New York, N. Y.

NORTH AMERICAN FISH AND GAME PROTECTION ASSOCIATION.

President. S. N. Parent, Commissioner Lands, Forests, and Fisheries. Queljec,
Joint secretaries, L. Z. Joncas, Quebec; Rene Dupont, (Quebec; D. J. Smith.

Chatham, N. B.

STATE ORGANIZATIONS FOR PROTECTION OF BIRDS AND GAME.

ARKANSAS STATE SPORTSMEN'S ASSOCIATION.

President, W. A. Leach, Fort Smith.
Secretary, Paul R. Litzke, Little Rock.

( !( >XXECTICUT ASSOCIATION OF FARMERS AND SPORTSMEN FOR THE PROTECTION OF
FISH AND GAME.

President and treasurer, Abbott C. Collins, 18 Preston street, Hartford.
Secretary, George P. McLean, Simsbury.

DELAWARE GAME PROTECTIVE ASSOCIATION.

President, A. D. Poole, Wilmington.
Secretary and treasurer, I.N.Mills, Clayton.

GAME AND FISH PROTECTIVE ASSOCIATION, DISTRICT OF COLUMBIA.

President, Capt. Robley D. Evans, U. S. N.
Secretary, Dr. W. P. Young, 1333 F street NW., Washington.
Warden, Maj. Richard Sylvester, Washington.

ILLINOIS STATE SPORTSMEN'S ASSOCIATION.

President, E. S. Rice, Chicago.
Secretary-treasurer, Win. B. Leffingwell, Room 132-4 Masonic Temple, Chicago.

ILLINOIS FISH AND GAME PROTECTIVE ASSOCIATION.

President, H. W. Loveday, 816 Schiller Building, Chicago.
Secretary, H. A. Sullivan, Room 912, Ashland Block, Chicago.

IOWA STATE ASSOCIATION FOR THE PROTECTION OF FISH AND GAME.

President, W. B. Kibbey, Marshalltown.
Secretary, L. C. Abbott, Marshalltown.
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KENTUCKY FIELD TRIAL CLUB.

President, Q-eo. L. Danforth, Louisville.

Secretary and treasurer, Herman Newcomb, Louisville.

KENTUCKY FISH AND GAME CLUB.

President, Frank Pragoff, 400 West Main street. Louisville.
etary, Hamilton Griswold, Louisville.

MARYLAND STATE CAME AND FISH PROTECTIVE ASSOCIATION.

President. George Dobbin Penniman, Baltimore.
tary and treasurer, Frank C. Kirkwood, 1500 Bolton street. Baltimore.

MASSACHUSETTS CENTRAL COMMITTEE FOB THE PROTECTION OF FISH AND CAME.

Chairman, A. B. F. Fvinney. Worcester.
cretary and treasurer. Henry H. Kimball. 5 Park sqni »n.

MASSA( HUSETTS FISH AND GAME PROTECTIVE ASSOCIATION. •

Presidenl I jgin, Tremont Building, Boston,
Secretary and treasurer, Benry H. Kimball. 5 Park square, Boston.

BOD AND GUN CLUB OF MASSACHUSETTS.

ident, < !. P. ( Jurtis, B iston.

- tary and assistant treasurer, W. ('. Tliairhvall. 45 High street. Boston.

MICHIGAN STATE SAME AND FISH PROTECTIVE LEAGUE.

Pr< sid< at, A. L. Lakey, Kalamazoo.
tary, C. E. Brewster, Grand Rapids.

NORTH DAKOTA STATE SPORTSMAN'S ASSOCIATION.

President, C. A. Hall, 'Maud Forks.
Secretary. E. C. Carruth, Grand Forks.

OREGON FISH AND GAME association.

Presidenl. J. X. Teal, Portland.
tary, A. E. Gi bhardt, Portland.

PENNSYLVANIA STATE SPORTSM] - IATION.

President, J. O'H. Denny, Ligonier.
Secretary. Will K. Park, 34 South Third street. Philadelphia.

[SOUTH CAROLINA] WESTERN CAROLINA GAME PROTECTION ASSOCIATION.

President, C. F. Dill. Greenville.
ary and treasurer, Charles F. Schwing, Greenville.

TEXAS STATE SPORTSMEN'S ASSOCIATION.

President, B. S. Pillow. Austin.
Secretary and treasurer. Fred Petmecky, Austin.

UTAH STATE FISH AND GAME PROTECTIVE ASSOCIATION.

President. T. J. Almy. Salt Lake City.
tary, George D. Adler. Salt Lake City.

[VIRGINIA] EASTERN SHORE GAME PROTECTIVE ASSOCIATION.

President. J. W. Bowdoin, Bloxom.
Secretary and treasurer, T. W. Blackstone, Accomac, C. H.

VIRGINIA FIELD SPORTS ASSOCIATION.

President. Polk Miller. Richmond.
Secretary and treasurer, William H. Colquitt. Richmond.
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FISH AND GAME PROTECTION CLUB, PROVINCE OF QUEBEC.

President, F. L. Wanklyn, Montreal.
Secretary, Wm, J. Clegliorn, 107 Board of Trade Building, Montreal.

AUDUBON SOCIETIES.

(Organized for the study and protection of birds.)
California:

President, Albert K. Smiley, Redlands.
Secretary, Mrs. George S. Gay, Redlands.

Connecticut:
President, Mrs. Mabel Osgood "Wright, Fairfield.
Secretary, Mrs. William Brown Glover, Fairfield.

Delaware:
President, A. R. Spaid, 2:311 West, Eighteenth street, Wilmington.
Secretary, Mrs. Florence Bayard Hilles, Delaware place, Wilmington.

District of Columbia:
President, Gen. George M. Sternberg, IT. S. A., Washington.
Secretary, Mrs. John Dewhurst Patten, 3033 P street, Washington.

Florida:
President, Rt. Rev. H. B. Whipple, Faribault, Minn.
Secretary, Mrs. C. F. Dommerich, Maitland, Fla.

Illinois:

President, Ruthven Deane, 30 Michigan avenue, Chicago.
Secretary, Miss Mary Drummond, Wheaton.

Indiana:
President, R.W.McBride.
Secretary, Amos W. Butler, Statehouse, Indianapolis.

Iowa:
President, Mrs. James B. Diver, Keokuk.
Secretary, Mrs. T. L.Wales, Keokuk.

Schaller [Iowa] Audubon Society:
President, Mrs. T. J. Andre, Schaller.
Secretary, Miss J. E. Hamand, Schaller.

Maryland:
President, Wm. C. A. Hammel, State Normal School, Baltimore.
Secretary, Miss Anne Weston Whitney, 715 St. Paul street, Baltimore.

Massachusetts:
President, William Brewster. Cambridge.
Secretary, Miss Harriet E. Richards, Society of Natural History, Boston.

Minnesota:
President, John W. Taylor, St. Paul.
Secretary, Mrs. J. P. Elmer, 31-4 West Third street, St. Paul.

New Hampshire:
President, Mrs. Arthur E. Clarke.
Secretary, Mrs. F. W. Batchelder, Manchester.

New Jersey:
President, Alexander Gilbert.
Secretary, Miss Anna Haviland, 53 Sandford avenue, Plainfield.

New York:
President, Morris K.Jesup, New York City.
Secretary, Miss Emma H. Lockwood, 243 West Seventy-fifth street, New
York City.

Ohio:
President, William Hubbell Fisher, 13 Wiggins Block, Cincinnati.
Secretary, Mrs. D. Z. McClelland, 5265 Eastern avenue, Cincinnati.

Pennsylvania:
President, Witmer Stone, Academy Natural Sciences, Philadelphia.
Secretary, Mrs. Edward Robins, 114 South Twenty-first street, Philadelphia.

Rhode Island:
President, Prof. H. C. Bnmpus, Providence.
Secretary, Mrs. H. T. Grant, jr., 187 Bowen street, Providence.

South Carolina:
President, Miss Christie H.Poppenheim, Charleston.
Secretary, Miss S.A.Smyth, Legare street, Charleston.
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Tennessee:
President. P. T. Glass. Ripley.
Secretary, Mrs. C. C. Conner, Ripley.

Texas:
President, Mrs. J. W. Hertford.
Secretary. Miss Cecile Seixas.2008 Thirty-ninth street, Galveston.

West Virginia (branch of Pennsylvania Society):
President. Witmer Stone. Academy Natural Sciences. Philadelphia, Pa.
Secretary, Elizabeth I. Cummins, 1314 Chapline street, Wheeling.

Wisconsin:
President, Edward A. Birge,
s cretary, Mrs. George W. Peckham, 646 Marshall street. Milwaukee.

FARMERS' READING COURSES.

Fanners" reading courses constitute one of the most important agents in the
diffusion of knowledge among farmers and are rapidly growing in popularity.
The idea Of these reading courses is to systematize in a few definite lines the gen-

home reading of the farmer, and to make the knowledge thus acquired a per-
manent mental endowment fund, to be used in making farm life more attractive
and more profitable. The work is generally conducted on the Chautauqua plan.
The agency having charge of it i usually the agricultural college) lays out certain
courses of reading <>n such subjects as •• soils and crops." " feeding and breeding
cif farm animals." "dairying," "fruit culture.*' "gardening." ••farm economics."
•• domestic economy." and similar topics : selects sets of books for reading which
most clearly set forth the principles underlying these subjects

;
provides for super-

intending the work: makes arrang< ments i"r supplying prospective readers with
books, examination papers, etc.; and acts as a sort of bureau of information.
The method followed in any particular case is simple: Abookon a chosen topic

is sent to a reader, who is asked to read carefully a certain subject. Printed ques-
tions bearing on this subject are then sent to him and full answers, without
recourse t<> the book, requested.
No expense is attached except for books and a small enrollment fee. seldom

exceeding for the whole course more than $1 in amount. Sometimes diplomas
signed by the college authorities are given upon t lie completion of acourse. A
course usually covers about two years' reading. Anyone wishing to take ttp the,
work of the reading course has but to apply for membership to the manager of
the reading course m his own State, or in another State. Details regarding the
courses offered, books required, enrollment fees. etc.. will be sent him. Upon
subscribing to the rules of the society, he is it t once admitted asa member, and
can begin reading without delay. No entrance examinations are required.

re provided for women and technical courses for special students.
The following is a li-t of States which have organized reading courses and of

the officials in charge of these courses:

Connecticut Prof. A. B. Peebles Storrs.

Michigan . . Prof. Clinton D. Smith Agricultural College.
Xew Hampshire Prof. C. W. Burkett Durham.
New York Prof. L. H. Bailey Ithaca.
Pennsylvania Prof. George C. Watson State College.
S iuth Dakota ... Mr. S. A. Cochrane Brookings.

Virginia Prof. T. C. Atkeson Morgantown.

FARMERS' NATIONAL CONGRESS.

President. Hon. W. D. Hoard. Fort Atkinson, Wis.: secretary. JohnStahl, No.
4338 Langley avenue. Chicago. El.

PATRONS OF HUSBANDRY.

NATIONAL OFFICERS.

Master. Aaron Jones. South Bend, Ind.; overseer, 0. Gardner, Rockland. Me.;
lecturer. N. J. Bachelder. Concord. N. H.: treasurer, Mrs. E. S. McDowell,
Columbus, Ohio; secretary, John Trimble. No. 514 F street NW.. Washington.
D. C: executive committee. E. B. Norris, Sodus. N. Y.; J. J. Woodman, Paw
Paw. Mich.: S. H. Messick, Bridgeville, Del.; Aaron Jones, ex officio, South
Bend. Ind.
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OFFICIALS CHARGED WITH AGRICULTURAL INTERESTS IN
SEVERAL COUNTRIES.

Argentina.—Minister of agriculture. Official address: Su excelencia el ministro
de agricultura, ministerio de agricultura, Buenos Aires.
Austria-Hungary.—Minister of agriculture at Vienna and minister of agricul-

ture at Budapest. Official addresses: K. K. Ackerbau-Minister in Wien, and K.
Ungarischer Ackerbau-Minister in Budapest.

Belgium.—Baron Maurice van der Brueggen, ministere de l'agriculture, Brux-
elles.

Brazil.—Minister of industry, etc. Official address: Ministro da industria,
viaciio e obras publicas, Rio de Janeiro.

Chile.—Minister of industry, etc. Official address: Ministro de industria y obras
publicas, Santiago.
China.—No officer of central government. Provincial officers: His excellency

the viceroy of Liang-Kiang, Nan-King. His excellency the viceroy of Hu-Kuang,
Wuchang. His excellency the viceroy of Liang-Kwang, Canton.
Costa Rica.—Minister of Public Promotion. Official address : Ministro de

fomento, San Jose.
Denmark.—Mr. Alfred Hage, Landbrugsminister. G Slotholmsgade, Copenhagen.
France.—Minister of agriculture. Official address: Monsieur le ministre de

l'agriculture, No. 78 rue de Varennes, Paris.
Germany.—Count von Posadowsky-Wehner, secretary of the interior, Berlin.
Great Britain.—The Right Honorable Walter Hume Long, M. P., president of

the board of agriculture, 4 Whitehall Place, London S. W.
Guatemala.—Minister of public promotion. Official address: Ministro de

fomento, Guatemala City.
Haiti.—Secretary of state for agriculture. Official address: Secretaire d*etat

de l'agriculture, Port-au-Prince.
Italy.—Director-general of agriculture, etc. Official address: Direttore generale

dell' agricoltura, industria e commercio, Roma.
Japan.—Mr. A'rasuke Sone, minister of agriculture and commerce, Tokio.
Korea.—Mr. Ye Ching Kun, Seoul, Korea, minister of agriculture.
Mexico.—Seiior Manuel Fernandez Leal, secretario de fomento, City of Mexico.
Nicaragua and Salvador.—Dr. Leopoldo Ramirez Mairena, ministro de fomento,

Palace of the Executive, Managua.
Russia —His Excellency A. S. Yermolow. minister of agriculture and State

domains, St. Petersburg.
Spain.—Director-general of agriculture, etc. Official address: Director-general

de agricultura, industria y comercio; Ministerio de Fomento, Madrid.
Sweden and Norway.-—Count A. Wachtmeister. general direkto and chef for

kongl. domanstyrelsen, Stockholm; M. M. Selmer, skogdirektor, Christiania.
Switzerland.—M. le conseiller federal, Dr. Adolphe Deucher, chef du departe-

ment federal du commerce, de l'industrie, et de l'agriculture, Palais Federal. Berne.
Turkey.—Selim Melhame Pasha, Constantinople, minister of agriculture.
Venezuela.—Mr. Federico Forticjue, direccion de agricultura y cria, Caracas.

REVIEW OF WEATHER AND CROP CONDITIONS, SEASON OF 1899.

The accompanying tables and diagrams(see figs. 32 and 33 [pp. 722, 723J and Plates
LXI-LXIII) show how the temperature and rainfall over the United States during
the crop season of 1899 varied from week to week from normal conditions of corre-
sponding periods of former years. The large tables show departures from normal
temperature and precipitation (in degrees Fahrenheit and in inches and hundredths,
respectively) for Weather Bureau stations, by months from January 1 to March
1, and by weeks ending Mondays at 8 a. in., seventy-fifth meridian time, from
April U) to October 9. The diagrams exhibit by curves the departures from nor-
mal, by disti'icts, for the same period, and the three plates show, respectively',
flic departures from normal temperature and the total precipitation for the United
States during the crop season and the departures from normal precipitation.

CONDITIONS FROM JANUARY TO APRIL.

In the Gulf States and interior portions of the Middle and South Atlantic States
and over the southeastern Rocky Mountain slope, January was rather colder than
the average, but the month was much milder than usual throughout the Ohio,
Upper Mississippi, and Missouri valleys, northern and central Rocky Mountain
region, and on the Pacific coast, the average temperature excess ranging from
6 to 9° per day from the central plateau region eastward to the Upper Missouri



Yearbook U. S. Dept of Agriculture, 1899. Plate LXI.





Yearbook U. S. Dept. of Agriculture, 1899. Plate LXII.





Yearbook U. S Dept. of Agriculture, 1899. Plate LXIII.





AYEATHER AND CROP CONDITIONS. 721

Valley. There was much rain in the Southern States, particularly in the region
from the west Gulf coast northeastward over Louisiana and portions of Missis-

sippi. Tennessee, and Arkansas, where amounts ranging from 6 to more than 10
inches were reported. Throughout the Rocky Mountain districts. Upper Missis-

sippi, and Missouri valleys. Lake region, and northern New England there was less

than the usual precipitation, portions of Kansas, Nebraska, Iowa, and Missouri
receiving less than .25 inch. Notwithstanding the fact that comparatively little

protection was afforded winter wheat by snow covering, its general condition at

the close of the month was promising. The crop was. however, subjected to a
period of extreme cold in the latter part of January in the central valleys.

Except over portions of the middle Pacific coast region, where there was a
slight excess in temperature. February was an exceptionally cold month through-
out the United States. From the middle Atlantic coast westward to the eastern
Rocky Mountain slope, and from the Gulf northward to the lake region, the
average daily temperature deficiency generally ranged from 8' to 14 . There was
much more than the average precipitation in the Atlantic coast districts south of
New England, over portions of the central Rocky Mountain region..the greater
part of Oregon, and along the immediate coast of Washington, while generally
throughout the central valleys and lake region and from the central Gulf States

ward to the south Pacific e<>ast there was less than the usual amount, the
month being exceptionally dry over nearly the whole of California, and thence
eastward to Oklahoma and western Texas. During February the wheat crop
experienced very unfavorable temperature conditions over a large part of the
winter-wheat art a. zero temperatures extending as far southward as central

and nearly to the eastern Gulf coast.

March averaged warmer than usual in the Gulf and Atlantic coast districts.

but was very cold throughout the central valleys. Lake region. Rocky Mountain
regions, and on the Pacific coast, the average daily deficiency in temperatiire
from the Upper Mississippi Valley westward to Idaho ranging from 6 to more
than 80°. Over the north in portions of Alabama, Georgia, and eastern Tennes-
see the precipitation was exceptionally heavy, and more than the average amount
fell over the greater part of the Pacific coast, northern and central Rocky Moun-
tain districts, and from the Upper Mississippi Valley eastward to the Atlantic

St. The month was drier than the average over the greater part of the Gulf
States and in portions of the Missouri a)id Red River of the North valleys and on
the north Pacific coast. At the close of the month the general condition of
winter wheat was less favorable than at the end of February, except in Oregon
and California, where the condition of the crop was promising. Preparations for

cotton planting were well advanced in Texas, some having been planted in the
southern part of that State, and in portions of Georgia and South Carolina.
Corn planting had made some progress as far north as Tennessee, and in the
more southerly sections a large part of the crop had been planted. The seed-

ing of spring oats was in progress as far north as the Missouri ami Ohio valleys.

SUMMARY OF TIIF. SEASON BY WEEKS.

By weeks ending with Monday, from April in to September 25, the crop condi-
tions may be summarized as follows:
April 10.—At this date the season was unusually late in all districts east of the

Rocky Mountains, except over southern and western Texas. The ground was
frozen to a considerable depth in the States of the Upper Missouri valley, frost

being still in the ground as far south as northern Missouri, with considerable snow
over portions of the upper Lake region and New England. From the middle Rocky
Mountain slope eastward to the Atlantic coast the season was variously estimated
to be from two to four weeks late, and as a result farming operations were much
delayed. Some corn had been planted as far north as Tennessee and in the extreme
southern portions of Missouri and Kansas, planting being nearly completed in
Louisiana and Texas. Much cotton was planted in southern Texas, and some
in northern Texas, but in the central and eastern portions of the cotton belt

but little had been planted. The general condition of winter wheat continued
unpromising in the principal wheat-producing States of the central valleys, but
in California and Oregon the condition of this crop was very favorable. In
Washington much wheat was winter-killed.
April 17.—The general weather conditions of this week were exceptionally

favorable for farming operations and crops throughout the country, with the ex-
ception of the extreme north Pacific coast region, where the week was cold and
wet, and over Arizona and the southern portions of California and Utah, where
drought prevailed. Frost was leaving the ground rapidly in the States of the Upper
Mississippi and Upper Missouri valleys, and considerable progress was made with
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Fie 33. Temperature (degrees Fahr.1 and precipitation finches) departures for the season of
1899 from the normal of many years for the middle and South Atlantic States, the Gulf states,

the Ohio Valley and Tennessee, and the Lake region.
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farm work in the more southerly portions of these sections. Light to heavy frosts

occurred as far south as northern Georgia . causing some injury to corn and garden
truck. In the Gulf States, including Arkansas, corn planting was nearly com-
pleted and was in progress in the central portions of Missouri and Kansas, but
east of the Mississippi practically no corn has been planted north of Tennessee and
North Carolina. Over the central portions of the Gulf States the stand of corn
was generally good, but in Georgia and Texas much replanting was necessary.

The reports generally showed a decided improvement in winter wheat in the States

east of the Rocky Mountains as compared with the unfavorable conditions at the

close of the previous week. On the Pacific coast the condition of wheat continued
unfavorable in Washington, but in Oregon and California the outlook was prom-
ising. Rapid progress was made with spring-wheat seeding over the southern
portion of the spring-wheat region and a little was sown as far north as North
Dakota. Oat seeding which was previously confined to the States south of the
Ohio and Missouri rivers was now well advanced in Illinois, and was in progress

in Indiana and the Middle Atlantic States, a general improvement in the condition

of the crop in the Southern States being reported. Over the central and southern
portions of the cotton belt the planting of cotton was vigorously pushed, and the
early planted was coming up over the southern portions of the east Gulf States. In
southern Texas cotton planting was nearly completed and was well advanced in the

northern part of the State. Some tobacco had been planted in South Carolina.

April 24.—The weather conditions of this week were generally less favorable

than in the preceding week. Portions of eastern Kansas. Missouri, Oklahoma,
and western Arkansas, and local areas in Alabama suffered from excessive rains,

while light rains would have proved beneficial in southern Michigan and portions

of the Upper Ohio Valley and Middle Atlantic States. In the west G-ulf States and
generally to the eastward of the Mississippi River, however, the weather condi-

tions were very favorable. Further improvement was reported in the condition

of winter wheat, although it was apparent that much of the crop had been winter-

killed, especially over the northern portions of Missouri, Illinois, and Indiana, and
in northwestern Ohio. Spring-wheat seeding was nearly completed over the

southern portions of the spring-wheat region, but was delayed by unfa-

vorable soil conditions over the northern portion. The bulk of the oat crop was
sown, except in the more northerly sections, where seeding continued. In the

central valleys the early sown oats were coming up well and the crop was begin-

ning to head in the Southern States, where the outlook was generally promising.

Cotton planting was general over the northern portion of the cotton region, except

in Oklahoma and northern Texas, where it was delayed by wet weather. West
of the Mississippi, corn was being planted as far north as southern Nebraska, and
east of the Mississippi, in the southern portions of Illinois, Indiana, and Ohio,

and in West Virginia and Maryland. Wet weather retarded corn planting in

Missouri, but rapid progress was made in Tennessee, Virginia, and North Carolina.

May 2.—In the districts east of the Rocky Mountains the temperature condi-

tions of this week were highly favorable. There was, however, too much rain in

portions of the Missouri and Red River of the North valleys; and destructive

local storms occurred in portions of Kansas, Missouri, and Georgia, while rain was
needed in the central Gulf States, Ohio Valley, Middle Atlantic States, and
southern New England. In the Rocky Mountain districts and on the Pacific coast

the week was unfavorable owing to unseasonably low temperatures and frequent
frosts, which were more or less destructive. In the States of the Ohio, Central

Mississippi, and Lower Missouri valleys the weather was exceptionally favorable

for planting, germination, and the growth of corn, and rapid progress in planting

was made. In the Southern States corn made good growth and was being culti-

vated. Where not winterkilled, general improvement in the condition of wheat
was reported, especially in the Ohio Valley, Tennessee, and Middle Atlantic States.

In California and Oregon the outlook for wheat continued favorable, but the con-

dition of the crop in Washington was less promising than previously reported.

In the southern portion of the spring-wheat region early sown wheat was coming up
to good stands. Seeding was about finished over the southern portions of Minne-
sota and North Dakota, but was delayed in the Red River of the North Valley and
Oregon. Cotton made favorable growth over the central and southern parts of the

cotton belt, planting being well advanced over the northern part.

May 8.—Over the eastern portions of the country the temperature conditions of

this week were favorable, but it was too dry in portions of the Middle Atlantic

and Gulf States. In the Rocky Mountain and Pacific coast districts the week was
much too cool, and frosts in the Rocky Mountain region were destructive to fruit.

In the Middle Atlantic States, and generally in the central valleys, excellent

progress was made with corn planting, which was in progress as far north as
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New York. Michigan, and South Dakota. Early corn was being cultivated in
Ninth Carolina, Tennessee, and the southern portions of Missouri and Kansas.
The general condition of winter wheat continued to improve, the outlook in Cali-

fornia being very promising. This week marked the completion of oat seeding in

the more northerly sections and. with the exception of the west Gulf States,

where the crop was suffering for rain, the outlook was generally promising.
Early planted cotton made favorable progress over the southern and central por-
tions of the cotton belt, bnt the crop was suffering for rain in portions of South
Carolina. Florida, and Louisiana. In northern Texas considerable replanting was
made necessary by reason of heavy washing rains. Tobacco plants were scarce
in some sections of Virginia and Maryland, but were abundant in other portions
of the Middle Atlantic States and in the Ohio Valley.
May lo.—The most unfav< trable features of this week were the unseasonably low

temperatures on the North Pacific coast, the continued absence of rain over the
greater part of the Gulf States, and excessive rains in the Ohio and Mississippi
valleys. Except on the North Pacific coast, however, the temperature conditions
were decidedly favorable and crops generally made good growth except in por-
tions of the Gulf States where drought prevailed. While frosts were frequent in
portions of the lake region. Upper Mississippi, and Upper Missouri valleys, no
serious damage resulted. Heavy rains delayed corn planting in Missouri, Iowa1

,

Illinois, and Indiana: but elsewhere over the northern portions of the country
planting progressed favorably, and about half the intended acreage was planted
in Illinois and Ohio. Winter wheat made rapid growth in the States of the
central valleys. In Washington an improved condition was reported; but in

California dry northerly winds proved injurious in some sections. Spring-wheat
seeding was -till unfinished in Minnesota and North Dakota, but over the south-
ern portions of Tie 1 spring-wheat region the crop made good growth and was
stooling well. Oats were injured by frosts in South Dakota but generally made
rapid growth, except where suffering from drought in the central Gulf States,

South Carolina, and Nebraska. The oat harvest began this week in Florida. In
the Carolinas and Georgia cotton made favorable progress, but in the central por-
tion of the cotton belt it suffered from insects and drought. Replanting of cotton
continued in the washed-out regions of northwest Texas, the bulk of the crop in
that State being up To good stands and growing rapidly, but was badly in need of

cultivation in the northern and central portions. Some tobacco was planted in
Kentucky. Ohio, and Virginia, but farther north no planting had been done.
May .'.'.—In The Pacific coast and Rocky Mountain regions and in the northern

districts east of The Missouri Valley this week was unseasonably cool and unfa-
vorable for germination and growth, and while there was amide warmth in the
Southern States the continued absence of rain over a large part of that section
proved very unfavorable. Too much rain in western Kentucky and portions of

Missouri and Arkansas retarded the cultivation of crops in those States. Winter
wheat sustained considerable damage from insects in the central valleys and
Middle Atlantic States, and the general condition of the crop in the States
east of the Rocky Mountains was less encouraging than in the previous week;
the crop was also unfavorably affected by cool weather on the North Pacific
coast. In the central portions of the cotton belt insects caused serious damage
to cotton, which, over the southern portions of the Gulf States and in Florida, was
suffering seriously for rain. In Texas the weather was especially favorable for
clearing the crop of grass and weeds.
May 29.—In The Middle and South Atlantic States this week was much too cool,

but elsewhere east of the Rocky Mountains the temperature conditions were very
favorable. In the Gulf States the protracted drought was largely relieved by
ample moisture, and portions of Wisconsin, Hlinois, Iowa, Missouri, and Arkan-
sas suffered from excessive rains. The weather continued unseasonably cool on
the North Pacific coast where excessive moisture continued to retard farming
operations. In Washington, however, this week was the most favorable of the
season to date. Corn was generally reported backward and made slow growth
from the Missouri and Central Mississippi valleys eastward to the Middle Atlantic
coast, but in Kansas and in the east Gulf States it made decided advancement.
The general condition of winter wheat in the States of the Ohio, Central Missis-
sippi, and Lower Missouri valleys was probably less favorable than in the previous
week, the crop having suffered considerable damage from rust and insects. Some
improvement, however, was reported in Nebraska. Iowa, Pennsylvania, New
York, and in portions of Oklahoma and Arkansas. Harvesting began this week
in some of the Southern States. The week was highly favorable for spring wmeat
in the Dakotas and Minnesota, and the crop did well in Nebraska and Iowa.
Cotton improved over the eastern portion of the cotton belt except in the Caro-
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linas, where it was too cool, but made slow growth in portions of Louisiana and
Mississippi, where it suffered from drought. In Texas cotton grew rapidly and
was well cultivated, except in some localities in the northern portion of the State.
For lack of rain tobacco setting was not general, but much ground was prepared.
June 5.—From the Rocky Mountains eastward very favorable temperature con-

ditions were experienced; but on the Pacific coast the season continued very back-
ward and unseasonably low temperature prevailed. In the principal corn States
the weather was more favorable for this staple than in the preceding week,
although cultivation was extensively retarded as a result of general rains in the
Missouri, Central Mississippi, and Ohio valleys, planting being delayed in portions
of Illinois, Iowa, and North Dakota. Over the greater part of the Southern States
corn was suffering for rain, but in Nebraska, Kansas, Oklahoma, Kentucky, and
Tennessee and over the greater part of the Middle Atlantic States its condition was
generally promising. The harvesting of winter wheat was quite general in the
Southern States, some having been cut as far north as Tennessee and Arkansas.
Reports indicated no improvement in this crop in Missouri, but as a rule the reports
from the Ohio Valley and Middle Atlantic States were favorable. In the Dakotas,
Minnesota, and Iowa, spring wheat made rapid growth and was in promising
condition. In the Carolinas and Georgia the condition of cotton was, as a whole,
satifactory; but in the central portion of the cotton belt rain was greatly needed,
especially for germination, and, while the crop was generally doing well in Texas,
the southern portions of the State needed rain also. With rains in the Ohio
Valley, Maryland, and Virginia, transplanting tobacco was rapidly pushed.
June 12.—The rains of this week largely relieved the drought in the Southern

States, although portions of northern Louisana and eastern Texas continued to
suffer. There was too much rain in Kansas, over the southern portions of Mis-
souri, Illinois, and Indiana, and portions of the upper lake region and Minnesota.
Unseasonably cool weather continued on the north Pacific coast and in the
northern Rocky Mountain districts. In the central valleys corn made good
growth and its condition generally improved, but cultivation was much retarded.
In portions of the Southern States corn suffered for rain, especially in Georgia,
Florida, and southern Texas. Winter wheat harvest was now in progress as far
north as the Ohio and central Mississippi valleys and about finished in the east
Gulf and South Atlantic States. On the north Pacific coast wheat made rapid
growth under the most favorable conditions that had been experienced to date,
and although the wheat crop in California was subjected to excessively high
temperatures, it escaped injury, owing to the absence of high winds. The reports
respecting spring wheat were less favorable than in the preceding week, as the
result of excessive moisture, especially on the lowlands of Minnesota and North
Dakota; on uplands in these States, however, it made luxuriant growth, and lodg-
ing was threatened in portions of Minnesota. Oat harvest was nearly completed
this week in the Southern States, and over the northern sections the general con-
dition of the crop was more promising, although damage from rust and too rank
growth was reported from portions of the Mississippi Valley. Cotton improved
in the Carolinas, Georgia, Alabama, Mississippi, and Tennessee, although the
stands in Tennessee and Alabama were reported as poor; in Texas it was well
cultivated and made good growth. Rapid progress continued in transplanting
tobacco in the Ohio Valley and Middle Atlantic States; in Florida and portions
of Tennessee and the Carolinas the crop suffered from drought. Haying was
in general progress in the central valleys, Middle Atlantic States, Oregon, and
California.
June ID.—On the Pacific coast this was the best week of the season to date, afford-

ing ample warmth and sunshine, conditions much needed in Oregon and Wash-
ington. While heavy rains delayed cultivation and caused damage to crops in
portions of the Mississippi and Missouri valleys, and drought continued over por-
tions of New England, the Middle Atlantic States, Tennessee, and the central and
southern Rocky Mountain region, the week, as a whole, was favorable for crop
growth. Corn made good progress in all districts, and a part of the crop received
its final cultivation as far north as Missouri and southern Illinois. Winter wheat
harvest was interrupted by rains in portions of the central Mississippi and Lower
Ohio valleys. Damage from rust was reported from Michigan and Pennsylvania,
and from drought in New York, while grain in shock sustained injury in portions of
Texas. Heavy rains in Minnesota caused injury to spring wheat in that State and
also in Iowa, but elsewhere a general improvement in the condition of the crop
was reported. The reports from nearly all sections of the cotton belt indicated a
general improvement in cotton, but in portions of eastern Texas, Arkansas, and
Oklahoma, it needed cultivation.

Juno, S6.—Over much the greater part of the country the weather conditions of
this week were highly favorable, particularly in the Middle Atlantic States and
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central valleys and on the north Pacific coast. Local storms, however, caused
damage in portions of the lake region and upper Ohio Valley, while drought con-
tinued in portions of New England, the South Atlantic and Gulf States" and in
central Tennessee. Corn amide marked progress in the principal corn States, and
in those States where cultivation had been retarded the fields were cleaned. A
considerable part of the crop had received its final cultivation in Kansas, Mis-
souri, Illinois, and Indiana. Winter-wheat harvest continued under favorable
weather conditions, and avus in progress in the more northerly sections of the
winter-wheat region. A large crop of excellent quality was being harvested in
Calif* irnia , and, in Oregon and Washington . wheat made rapid advancement. The
outlook for spring wheat continued promising, with less danger from rank growth
and lodging. Except over portions of southern Texas, Louisiana, and Mississippi
cotton made favorable progress, and as a whole was well cultivated.
July S.—This was a cool week on the north Pacific coast and over most of the

country east < if the Rocky Mountains. As in the rrrevious week corn made favor-
able progress in the principal corn States, although suffering for rain in Missouri.
The harvesting of late winter wheat continued under favorable weather condi-
tions in the more northerly sections and in California. Spring wheat continued
promising and the crop was heading in the southern portions of the spring-wheat
region. Cool nights retarded the growth of cotton to some extent over the east-
ern part of the cotton belt, while in portions of the Carolinas, Tennessee, and
Arkansas it was suffering for rain, but the crop generally made good growth.
The heavy rains in Texas. h< iwever, inundated a large acreage. Tobacco suffered
from drought and insects in Kentucky and Tennessee, but the reports from the
other tobacco Stati sw< lly favorable. The most noteworthy feature of
the weather of this week was the phenomenally heavy rains which fell on June
28 and 29 over the drainage basin of the Brazos River in the central portion of
Texas, and which v v.'ed by heavy rains for four or five days in succes-
sion. On June 2'.» all the tributaries of the Brazos River from McGlennan County
south to Brazoa County were higher than ever before. This water with that of

eding rains caused a flood in the Brazos which covered all low lands from
2 to 12 feet deep, lr ia said that in places the river was more than 1'3 miles wide.
The flood moved southward very slowly, and it was fourteen days from the time
the crest of the flood was noted in central Texas until it passed out into the Gulf
of Mexico.

Jul;/ 10.—This week was marked 1 >y al tsence < >f high temperatures in the districts
east of the llocky Mountains, in which the weather conditions were generally
favorable for farming operations and crop growth, especially in the States of the
Upper Mississippi and Missouri valleys and on the Atlantic coast. Excessive
rains, however, cam I e »me damage to grain in shock in Kansas and Texas, while
drought continued in the Gulf States. Tennessee, and portions of the Ohio Valley.
Rainfalls amounting to from 0.50 to 0.75 inch occurred over a considerable por-
tion of the drain;,-,' basin of the Brazos River, but the conditions on the whole
we; e la', orable for the subsidence of the waters in the inundated districts. Gen-
erally, corn made rapid growth in the principal corn States, but suffered from
drought in pi nth ms of Ohi< >. Kentucky, and central Tennessee. This week marked
the complete »n of the winter-wheat harvest, except in the extreme northerly sec-
tions, where it was well advanced. In Kansas and Texas some damage resulted
from sprouting in shock. In the eastern and central portions of the cotton belt
and outside the flooded region in Texas cotton made good progress, the sea island
crop in South Carolina being very promising. Tobacco suffered much from
drought in Tennessee and in portions of Kentucky and Ohio, but in the Carolinas,
Middle Atlantic States, ami New England the general outlook was much improved.
July 17.—The absence of rain over a large part of the Gulf and South Atlantic

States in this week intensified the previously existing drought conditions in that
section, more particularly over the interior portions of the central and east Gulf
States, middle Tennessee and the western portions of the Carolinas, while exces-
sive and continuous rains in central Wisconsin proved unfavorable. The eastern
portions of Oregon and Washington experienced high temjieratures with drying
winds that were detrimental to the grain crops of those States. Over a large part
of Texas, including the greater part of the inundated region, there was an almost
total absence of rain, but the bottom lands of the Brazos basin were not yet dry
enough for cultivation. The weather conditions of this week were favorable for
the growth and development of crops and for general farming operations in the
central valleys. New England, Middle Atlantic States, and generally throughout
the central and southern plateau region and in southern California. Corn suffered
from drought in the South Atlantic, central and east Gulf States, central Tennes-
see, southern Missouri and in portions of Kentucky and Virginia, but in the Mid-
dle Atlantic States and generally throughout the central valleys the week was
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very favorable for corn, which made excellent growth in these districts. The har-
vesting of spring wheat began in Iowa, the reports respecting this crop being
generally favorable throughout the greater part of the spring wheat region. The
general condition of cotton in the eastern portion of the cotton belt was less

favorable than in the preceding week, due principally to the continuation of

drought, but in part to the ravages of insects. The crop in Missouri, Arkansas,
Mississippi, Oklahoma, and Texas, except in the flooded region, however, gener-
ally improved. The first picking of the season was reported this week from
southern Texas. In Kentucky the tobacco crop was greatly improved and the
outlook continued promising in the Middle Atlantic States, New England, and
portions of Ohio and Indiana.
July :.'.'

f .—Much-needed rains fell this week in Tennessee and in the central and
east Gulf States, although portions of Mississippi continued to suffer. Rain was
also needed in southern Texas, Nebraska, the Dakotas, portions of Illinois,

Indiana, the Middle Atlantic States, and New England, but upon the whole the
general weather conditions were favorable for crops in the States of the central
valleys and Lake Region, and on the middle Atlantic coast. Crops experienced a
marked improvement in the middle Rocky Mountain States. Over the greater
part of the central and western portions of the cotton belt, the condition of cotton
was somewhat more favorable than at the close of the previous week, the crop
being well cultivated; but over the eastern portion shedding was reported, with
complaints of drought in portions of the Carolinas. Rains caused marked
improvement in tobacco in Kentucky and Tennessee, and the general condition
of the crop in the Ohio Valley, Middle Atlantic States, and New England was
very promising, except in portions of Pennsylvania and Virginia.

July 31.—The drought was relieved this week in the South Atlantic and east

Gulf States, and beneficial rains fell in Ohio and Indiana; but rain was needed
in portions of New York and Pennsylvania, the central portions of Illinois and
Missouri, and in Louisiana, Arkansas, the Dakotas, western Nebraska, and central
Colorado. Local storms with very heavy rains proved damaging in Alabama,
western Florida, and southern New Jersey; but, notwithstanding these conditions,

the week may be said to have been generally favorable. While corn would have
been benefited by rains in central Illinois and portions of Missouri, Iowa, Ne-
braska, and South Dakota, the crop made satisfactory progress in the principal

corn States, the outlook in Kansas being considered the best in years. At this

date early corn was matured as far north as Missouri and southern Illinois.

High winds, with temperatures exceeding 100° in South Dakota, caused injury to

spring wheat, and. while the heat in North Dakota was not so excessive, the crop
was more or less damaged in that State. Over the eastern portion of the spring-
wheat region the crop was more promising. Spring wheat also sustained some
injury from hot' winds in Oregon and portions of Washington. While rains im-
proved the condition of cotton in the Carolinas, the excessively heavy rains in

North Carolina proved injurious. Good growth was, however, generally reported,
especially in the eastern sections of the cotton belt, although complaints of shed-
ding were numerous. Picking was well advanced in portions of southern Texas.
Tobacco suffered from drought in New York and on low lands in Tennessee by
heavy rains, but elsewhere the crop experienced marked improvement, especially

in the States of the Ohio Valley. Considerable progress was made with plowing
for fall seeding in the central valleys and Middle Atlantic States.

August 7.—As a whole, crops generally made satisfactory advancement this

week in the States of the central valleys, as well as over the greater part of the
Atlantic coast and east Gulf States, Lake region, central and southern Rocky
Mountain regions, and on the Pacific coast. Drought prevailed, however, over
the greater part of Texas and Oklahoma, and in portions of the Dakotas, Min-
nesota, Wisconsin, New York, New England, Pennsylvania, Virginia, and the
Carolinas, while excessive rains delayed work in southern Minnesota and upper
Michigan, and local hailstorms proved destructive in portions of the Mid-
dle Atlantic States. The general condition of corn was further improved, an
abundant crop being promised in the great corn States of the central valleys,

as well as in the Middle Atlantic States. The spring-wheat harvest was inter-

rupted by rains in southern Minnesota, and thrashing retarded in Nebraska and
Iowa. Severe hailstorms caused much injury to spring wheat in northeastern
North Dakota. In Washington and Oregon good harvesting weather prevailed.
While rust and shedding in cotton were quite generally reported, the condition
of the crop over the central and eastern portion of the cotton belt was somewhat
improved. In portions of Louisiana and Arkansas and over the greater part
of Texas, rain was badly needed and the condition of cotton less promising than
at the close of the previous week. Picking was now in progress in central Texas
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and over the southern portions of the central and eastern districts, first bales
having been marketed in Alabama and South Carolina. In the principal tobacco
States the weather conditions were highly favorable for tobacco, which was
reported as much improved in Kentucky. Tennessee, and North Carolina. The
soil was in fine condition for plowing for fall seeding in the central valleys and
Middle Atlantic States.
August U.—Very favorable weather prevailed during this week in the Ohio

Valley, and generally in. the Middle and S mth Atlantic and east Gulf States.
throughout the central raid southern Rocky Mountain districts and on the Pacific
coast, while drought prevailed in the lower Lake region, southern New England,
and portions of the central and west Gulf States. The lower Missouri. RedRiver
of the North, and central Mississippi valleys suffered from excessive rains, and
in Wisconsin. Minnesota, and North Dakota destructive hailstorms occurred.
Rainfalls of from 0.50 to move than 1 inch, remarkable for the season, occurred
in Washington and Oregon, and. although retarding harvesting in Oregon and
causing some damage to oat- in Washington, were generally beneficial. This was
another very favorable week lor corn. Except over southern Missouri, central
Kansas, and in central and western Nebraska, where it needed rain, the crop

rally made further advancement. Stacking and thrashing of spring wheat
was generally delayed by rains, and violent hailstorms in 1 lie Red River Valley
caused the loss of about 50 per cent of the expected yield of .",0.1100 acres in Min-

ta, while high winds lodged and shelled considerable ripe grain in North
Dakota. In nearly all sections cotton opened rapidly, and picking was in general
progress. While complaints ofsheddingcontinued, theyweresomewhat lessnumer-
ous than in the previous week over the eastern half of the cotton belt. Rust was.
however, prevalent and increasing in the central and eastern districts. In the
north-central and western portions of the cotton belt the condition of cotton was
decidedly less promising than at the close of the previous week. The condition
of tobacco continued favorable except some damage from storms in New York,
from too much rain in southern Indiana, and from drought in Pennsylvania.
Cutting was now in progress in the Ohio Valley and middle Atlantic States.
Plowing for fall seeding was exceptionally well advanced.
August .1.—While there was an entire absence of rain over a large part of the

country east of the Pocky Mountains, very heavy rains fell in the Red River of
the North Valley, on the Virginia and North Carolina coasts, and over portions of

the central Gulf States. In the Pacific coast Sta*e> the week was too cool, and
rains in Washington and Oregon interrupted harvest. In the principal corn
States favorable temperature conditions and general absence of rain advanced the
maturity of corn, the general condition of which was very satisfactory, although
late corn needed rain in portions of the Ohio and upper Mississippi valleys, in
Oklahoma, and parts of Nebraska and Kansas, cutting being general in the last-

named State. Spring-wheat harvesting was delayed in the Dakotas and Min-
nesota by heavy rains, which caused injury to stacked grain in Minnesota. Over
the central and eastern portions of the cotton belt the condition of cotton con-
tinued practically as at the close of the preceding week, rust and shedding being
prevalent. Cotton opened rapidly and picking was in progress in the northern
portions of the cotton belt. Drought proved very damaging to cotton in Okla-
homa and Texas, but the weather was very favorable for picking. Tobacco
suffered from drought in Ohio, but in other tobacco States the general outlook
continued favorable, although some damage was caused by high winds in North
Carolina, and moist weather proved unfavorable for curing in Maryland.
August 28.—The drought was relieved locally in the South Atlantic States, but

continued with increased severity in Texas, Oklahoma, southern Missouri, and
Michigan. Very favorable weather conditions prevailed in Iowa, uorthern Mis-
souri, Nebraska, and Kansas, but. as in the previous weeks, reports of damaging
effects of excessive moisture were received from the Dakotas and Minnesota.
Abnormally cool weather continued on the Pacific coast, with rains unusual for
the season in Washington and Oregon. In California the persistent prevalence
of low temperatures pr< >ved injurious to raisin grapes. The general condition of
corn in the States of the centra.! Mississippi and Ohio valleys was less satisfactory
than in the previous week, owing to continued absence of moisture, which con-
duced to too rapid maturity. In Iowa, northern Missouri. Kansas, Nebraska, the
Dakotas. Minnesota, and the Middle Atlantic States the weather was more favor-
able to corn, and the crop generally made good progress, although late corn was
somewhat less promising in portions of Nebraska and Kansas. The reports of
injury to grain in shock and stack continned from the Dakotas and Minnesota
principally, however, as a result of the rains of the previous weeks. Grain in
shock was also injured by rains in Washington and Oregon, but in the last-named
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State the rains were of material benefit to late spring grain and other crops.

While complaints of rust and shedding in cotton were somewhat less numerous
in the eastern portion of the cotton belt, they continued undiminished in the
western districts, where there was quite a general deterioration in the condition
of the crop. Favorable progress was made in cutting and housing tobacco, which
work was quite well advanced.
September 4.—At the close of this week a very large part of the country was

suffering from drought of greater or less severity, high temperatures having pre-

vailed with no rain in nearly all districts suffering from the lack of rain at the
close of the preceding week. Very favorable weather conditions, however, pre-

vailed on the Atlantic coast, except in portions of New England and North Caro-
lina, which were suffering from drought. The weather continued cool over the
greater part of the Pacific coast, but generally was more favorable than in the pre-

ceding weeks. Under the prevailing high temperatures corn made rapid progress
toward maturity, the late corn having ripened too rapidly. Reports of injury
from excessive moisture to grain in shock and stack continued from portions of

Minnesota, South Dakota, and Washington. Cotton picking was retarded by
rains in portions of the east Gulf States and on the Texas coast, but in other por-

tions of the cotton belt picking made rapid progress. Reports of rust and shed-

ding, as a rule, were less numerous, and were confined principally to the central

portion of the cotton belt. In portions of South Carolina, Georgia, and Florida,

cotton sustained injury from rain and sprouting and rotting of bolls in places; in

Georgia, however, the crop improved. Tobacco matured rapidly, and favorable
progress was made in cutting and housing the crop. The condition of the soil

was very favorable for plowing and seeding in the Middle Atlantic States, but in

the central valleys and southwest this workwas largely suspended owing to dryness.

September 11.—While the first half of this week was excessively hot and dry
over the greater part of the country east of the Rocky Mountains, there were
beneficial rains during the latter part which partially relieved the droughty con-

ditions in portions of Texas and Oklahoma, the central Mississippi and Ohio val-

leys, and generally throughout the Middle and South Atlantic States. Drought
continued, however, in portions of New York, Pennsylvania, Ohio, Wisconsin,
Kentucky, and over the greater part of Tennessee, Arkansas, Mississippi, Okla-

homa, and Texas. The cutting of early corn, the greater part of which was now
safe from frost, was general in all sections, the maturing of the crop having been
rapidly advanced by hot and dry weather of the previous weeks. Late corn was
materially injured by heat and drought in portions of Ohio, Indiana, Illinois,

Nebraska, and southern Missouri, but in Iowa it was not as badly injured as the

previous reports indicated. In the Dakotas and Minnesota the conditions were
favorable for spring wheat harvesting and thrashing, although thrashing was
prevented to some extent by local showers in Minnesota. In Washington and
Oregon harvesting was vigorously pushed, the absence of rain being especially

favorable. Reports of premature opening of cotton were general in the east-

ern and central portions of the cotton belt and picking progressed rapidly in all

sections. The crop sustained damage from local storms in South Carolina and
Georgia and drought in Arkansas. The prospects for the top crop were gen-

erally very poor. The bulk of the tobacco crop was cut and housed in the more
northerly tobacco States.

September IS.—Rain was very generally needed, more particularly for plowing
and fall seeding, from the east Gulf coast northward over Tennessee, the upper
Ohio Valley, interior portions of the Middle and South Atlantic States, lower Lake
region, and northern New England, over much the greater portion of which area

practically no rain fell during the week. Drought continued over a large part of

Texas, and rain was needed in Nebraska and portions of Iowa, Wisconsin, and
Michigan. Some late corn in northern Michigan and portions of Wisconsin, New
York "and northern New England was injured by frost, but on the whole the

weather conditions were favorable for the unmatured portion of the crop. Late
corn in the central valleys suffered material injury in consequence of drought.

In the Dakotas and Minnesota, where the thrashing of spring wheat had been
much delayed, the weather conditions were favorable for this work. The north
Pacific coast region also experienced favorable weather for the completion of

harvesting and thrashing, the reports from Oregon indicating that the injury

resulting from the rains of August was less serious than was anticipated. The
weather was very favorable for cotton picking over the greater part of the cotton

belt. Premature opening continued in all districts and the reports generally

indicated that the crop would be gathered at a much earlier date than usual, and
that the to]) crop would be very short, in some sections almost a failure. The
weather was also favorable for finishing the tobacco harvest and for curing.
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Sep rain fell over a large part of the Southern States the
drought of the previous week continued, and rain was needed over portions of
Illinois . L >wa . Nebraska . and in the southern Rocky Mountain regions. Through-
out the central and northern portions of the country and on the Pacific coast the
weather was generally favorable for maturing crops and for farm work. The
corn crop experienced generally favorable weather conditions. In the States of
the Ohio Valley and lake region a large part of the crop had been cut and some
husking had been done. Reports continued to show that late corn had failed to
develop well in the central valleys and Southern States. The absence of rain on
the Pacific coast was favorable f< »r the completion of the grain harvest and for
thrashing in Washington and Oregon, where the damage from the August rains
was much less than had been expected. Cotton picking made rapid pro,
under favoral »le weather conditions. Nearly the whole crop was open and the bulk
was gathered over a 1;' rge part of the cotton region. Except over limited areas in
Virginia and North Carolina, the tobacco crop was practically cut and ho'^

the weath< r i f this wi ik proving generally favorable for curing. Excellent prog-
ress was made with plowing and fail seeding in the Ohio Valley. Middle Atlantic
States, and New England, but generally throughout the Southern States and in
the upper M 3sissippi Valley the soil was too dry. In the Ohio Valley and Middle
Atlantic State- early Bown grain was germinating finely. •

CLOSE OF THE SEASON IN" OCTOBER.

Tlie monthly climate and crop bulletin for Oi bowed that in the
districts east of the Rocky Mountains the month was very mild and the first half
generally dry. These conditions proved very favorable for maturing and gather-
ing late crops, but were not favorable for plowing, fall Beeding, and germination
of sown grain over a large part of the winter-wheat region. During the latter
part of October the drought conditions were largely relieved, although Iowa and
portions of eastern Nebraska, northern Missouri, and the central Gulf States
were Buffering for rain at the close of the month. Under exceptionally favorable
weather conditions cutting, husking, and cribbing of corn made rapid progress-
Only a small part of tin- cotton crop remained ungathered at the close of the
month. Although the top crop was very light, the absence of frost, especially
over the eastern part of the cotton belt, permitted much to mature.

TEMPERATURE FOB TH [N Till". SEVERAL REGIONS.

Plate LXI Bhows th..- for the period from March 1 to October !i (223 days)
the Southern £ bio Valley, and lower Lake region received more than
the usual amount of heat, the average daily excess ranging from 1° to 3 over an
area extending from central Texas northeastward to New York. Along the
Middle Atlantic and Gulf coasts the average seasonal temperature was nearly
normal. From the upper Mississippi Valley westward to the Pacific coast,
including the middle plateau region and California, the season averaged cooler
than usual, the deficiency in temperature being very marked from the upper
Missouri Valley westward to Idaho, Oregon, and northern Nevada, where it

ranged from 2 to 4' per day.

RAINFALL FOB THE SEASON IN THE SEVERAL REG]

Plate LXII shows the total rainfall for the period from March 1 to October 0;

and Plate LXIII the excess or deficiency as compared with the normal. Except
over eastern Texas and southern Florida, the seasonal rainfall in the Southern
States was was much lighter than usual, the deficiency ranging from 4 to 16
inches. There was also a marked deficiency over the northern portion of the
Ohio Valley, the greater part of the Lake region and New England, and through-
out the central and southern Rocky Mountain districts. The total rainfall over
the greater part of the Middle and South Atlantic and east Gulf States generally
ranged from 24 to 40 inches, like amounts occurring over portions of the central
Gulf coast and eastern Texas, while the region from Arkansas and northern Texas
northward to Lake Superior received from 24 to 80 inches. Over much of the
lower Lake region and northern New England the total rainfall amounted to
less than 18 inches. The normal seasonal rainfall over a large portion of the
central and southern plateau regions is less than an inch, but during the present
season even this small amount did not fall, the total for Yuma, Ariz. . for 223 days,
being only 0.01 inch.
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PROGRESS IN AGRICULTURAL CHEMISTRY IN 1899.

As often happens, a large part of the work of this field has been of such a nature
that no inimediate results could be expected. In all parts of the world contribu-
tions have been made to agricultural chemistry during the past year which do
not seem of sufficient general value to merit mention in a paper of this nature, but
which will serve to make up data essential to generalizations that may follow in
the near future. As an illustration, a vast array of digestion experiments may be
cited, as well as the chemical examination of soils, irrigation waters, foods, and
feeding stuffs.

The subject of the application of nitrifying organisms to the soil has received
an increased amount of' attention, and while the results of many experiments
would seem to be conclusive, it can not be said that a marked advance has been
made. It is well known that such an application is of value to soils on which a
stand of a leguminous plant could not be otherwise secured, but much remains to
be done in determining the classes of soils to which ferments may be added with
advantage, and the particular ferment which is essential to each plant.

It has long been held that the ordinary complex nitrogenous compounds of
the soil are changed successively into ammonia, nitrous acid, and nitric acid.
Within the last year it has also been shown that even the simplest amins, when
subjected to the action of soil ferments, are never oxidized to nitrous or nitric
acid without the formation of ammonia as a preliminary product. 1

Experiments made on the conservation of manures,'2 indicate that greater loss

takes place in storing acid manures than those whose reaction is alkaline. In
the former case the loss is due to the liberation of free nitrogen owing to the
reaction of nitrites with amido or ammonium compounds, while some ammonia
is giren off by alkaline manures.
Pot experiments with soils show that a reduction in yield follows the applica-

tion of coarse straw and manure. It has been held that this was due to that
change in the physical nature of the soil caused by the coarse texture of the
material employed. Recent experiments, 3 however, indicate that the reduction
in yield is due to the supplying of a favorable medium for the denitrifying organ-
isms already present in the soil. The grinding of the straw and manure did not
tend to reduce the action of the denitrifying organisms. Pentosans were found
to promote the development of these organisms more than cellulose. Ordinary
variations of the water content of the soil did not appreciably affect denitrifica-

tion, but a high water content seemed to favor it. It is not believed that much
importance is to be attached to denitrification resulting from this cause in the field.

Contrary to the commonly accepted theory, humus, obtained from soil and peat,
has been found to be comparatively free from amids. 4 Evidence has also been
offered in support of the view that humus is capable of deconrposing minerals and
insoluble salts. 5

Experiments 6 published during the year seem to indicate that the availability
of the phosphoric acid of certain phosphates is due to the action of silicic acid.

These acids always exist together in soluble form, and the amounts of the two are
somewhat, though not regularly, proportional. It is suggested that phosphoric
acid goes into solution on account of the more or less complete precipitation,
either as carbonate or humate, of the calcium with which it is originally combined

,

and the consequent combination of phosphoric acid with ammonia or other alkalies.

This takes place most readily in phosphates whose lime is most loosely combined,
such as superphosphates and Thomas slag.

The investigation of peaty soils has been continued. One sample, 7 whose phos-
phoric acid content was 0.38 per cent, contained 0.05 per cent of free phosphoric
acid, and 0.13 per cent combined with humus. Only insignificant amounts of
lecithin were present.
The percentage of chlorin in the ash of the tobacco plant 8 has been found, gen-

erally speaking, to be roughly proportional to that of the chlorin in the soil, and
inversely proportional to the percentage of nitrates in the soil. The chlorin occurs
in greatest abundance in the leaves and is combined almost entirely with potas-

m and sodium, potassium chlorid largely predominating.

J E. Demoussy, Ann. agron., 1899, 25, 232-244.
2 G. Marpmann, C. B. Bakt. Par., 1899, 2, 67-70.
s Kruger and Schneidewind, Landw. Jahr.. 1899, 28, 217-252.
"F. Sistini, Landw. Versst., 1899, 51, 153-158.
5 P. Lvashchenko, Selsk, Kohz. i Lyesov, 1899, 193, 718, through Exp. Sta.

Record, 1899, 11, 623.
BW. Hoffmeister, ibid., 1899, 52, 329-3)0.
7 G. Nannes, J. Landw., 1899, 47, 45-48.
"P. Pichard, Cr., 1899, 128, G15-G17.
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The cause of the reduction in the yield of starch when potatoes are fertilized
with crude Stassfurt salts x has been studied further, and the theory that injurious
effects were due to the chlorin contained in the crude salts is fully confirmed. In
comparative experiments with potassium fertilizers containing chlorin and those
free from it, the latter were found to increase both the percentage of starch and
the yield of tubers and to be entirely free from the injurious effects of the former.
It is suggested that potatoes take up more potash in the form of chloric! than in
any other combination, and that the potassium chlorid content of the tubers
interferes with the formation of starch.
Some attention has been given to the injurious effects suffered by soils that have

been overflowed by sea water.- In addition to the salt that is "left behind, the
layer of mud that is deposited is said to prevent the washing out of the sodium
chlorid and interfere with the germination of the seed.
In a large number of laboratories an extensive study of the composition of

soils has been made. Of much of this work it can only be said at present that
the literature of the subject has been increased. Many of the analyses were con-
nected with extensive plans of fertilization, crop rotation, or irrigation. In
some cases they form a part of the survey of a large section of the country.
Many agricultural laboratories, both in this country and abroad, have conducted
work of this nature.
Analytical methods have been criticised, and some new methods and important

modifications of old ones have been devised. As illustrations, two methods 3

may be cited which have been suggested for estimation of the carbon dioxid
combined with lime, without including that of the carbonate of iron. In this
connection may also be mentioned valuable contributions that have been made
to the literature of methods for the determination of the productiveness of soils. 4

The study of the effect of special fertilization and culture on the composition
of seeds has received considerable attention. It has been found that the fertili-

zation of rape 5 for a large yield (with phosphoric acid) produces a seed with a
relatively high percentage of fat and low percentage of proteids. Maize has
also been found to be susceptible of improvement in its composition, by mean3
of seed selection. Thus, it is possible to grow a product rich in starch or in pro-
teids as may be desired. It is claimed that thi cereal may be roughly graded
with respect to its proteid and fat content by the naked eye, since the percentage
of proteids varies with the thickness of the glutinous layer, and that of the fat
with the size of the germ.
The water supply and water content of the soil has received the usual amount

of attention at home and abroad. A study has been made 7 of the relation
between the fertilizer and water content of the soil, and the amount of water
removed therefrom by oats under varying water and fertilizer content of the
soil. In this work it was i'< »und chat the water supplied could be more completely
utilized the larger the application of fertilizers, and that a liberal application of
fertilizers requires a huge amount of water. With an insufficient water supply,
however, a heavy application of fertilizers was found to make the soil solution
too concentrated and cause a reduction of the yield. The application of salts,
which caused deleterious changes in the composition of the fertilizing ingredients
of the soil, was found to affect the water supply unfavorably. Atthe same time,
experiments are described 8 which seem to disprove the theory that the applica-
tions of fertilizers to soilsretards theloss of moisture by evaporation and drainage.
The study of the Australian salt bush audits value as a stock food, as well as its

power of resisting alkali at d drought, has been continued in California. 9 This
work confirms the experience of preceding years in approving of the plant as a
f\ irage plant to be raised in alkaline soils. A number of other drought and alkali-
resisting plants have also been described, 10 and their value as forage plants dis-
cussed.

1 Johann. ^\
T
ilms.. J. Landw., 1899. 47. 251-292. B. Sjollema. ibid.. 305-309.

2 A. J. Swaving, Landw. Versst.. 1899, 51. 463-471.
'Adolf Mayer, ibid., 1899, 51, 339-340. Stutzer and Hartleb.Mitt. Landw. Inst.,

Breslau, 1899. 101-105, abs. Exp. Sta. Record, 1899. 11, 110.
JW. W. Winner. Izv. Moscow. Selsk. Inst., 1899, 5. 117-144, through Exp. Sta.

Record, 11,623.
"Wilh. Grashoff, J. Landw.. 1899. 47. 85-90.
fi C. G, Hopkins, 111. Exp. Sta. Bull., No. 55.
7 C. v. Seelhorst. J. Landw., 1899, 47, 369-378.
" Willard and Clothier. Kan. Exp. Sta. Bull., No. 89.
9 M. E. Jaffa, Cal. Exp. Sta. Bull.. No. 125.
]0Alven Nelson. Wyoming Exp. Sta. Bull., No. 42.
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The chemistry of the changes of nitrogenous compounds during the germina-
tion of the seed and the growth of the plant has received careful attention. 1 The
following is given as a summary of our information on this subject at the present
time: (1) The process of proteid decomposition occupies a long period, and may
be characterized by a peculiar curve. (2) The accumulation of asparagin is

characterized by a similar curve, whose maximum is identical with that of the
first-mentioned curve. (3) Both curves attain their maxima a few days before

the evolution of carbon dioxid takes place. (4) At the end of the period of germi-
nation the rate of the formation of asparagin exceeds that of the decomposition
of proteid, some asparagin being formed from amido compounds. (5) Proteids

may be formed in the dark from carbohydrates and amido compounds, but not
from asparagin. (6) Proteids are decomposed as rapidly in seeds germinating in

the light as in those germinating in the dark. (7) The formation of proteid

begins with the unfolding of the leaves—in some plants in ten days after germi-
nation, in others later. (8) Proteids are formed simultaneously from asparagin
and other amido compounds, or from the latter first and then the former, but
never the reverse. (9) The most energetic regeneration of proteids occurs in

seeds.
Recent work in the study of the vegetable proteids - has led to the conclusion

that the protein bodies hitherto prepared are in fact definite chemical com-
pounds of protein substances with common mineral acids, or contain such com-
pounds in admixture. It is also found that egg albumen prepared by the usual

process contains two distinct substances.

Some very extensive work has been done on the chemistry of butter fat, 3 a
series of samples of butter made from a herd of high-grade Guernseys being taken
as the basis of the work. Attention has been given to the physical and chemical
constituents of the substance, its chemical composition, and the chemistry of its

rancidity. This work is of such a nature as not to permit an abstract, but adds
materially to our information on the subject. In point of scientific value, it will

doubtless take a high rank in the chemical work of the year.

BEET SUGAR.

The attention of the laboratories of a large number of the agricultural experi-

ment stations, especially of the ISIorthem States, has been occupied a part of the

year with sugar beets. While it can not be said that any new information has

been gained by this work, a large number of analyses have been made, and the

data accumulated are undoubtedly of value.

The importance that is attached to this work by the capitalists of the country

is indicated by the number of beet-sugar factories that have been completed in

the United States during the year 1899, in time to be operated during tne beet

season of 1899 and 1900, as well as the number building for the season of 1900-1901.

Beet-sugar factories built in 1899.

Company.
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Factories building for campaign

Company. Location. itvei

American Beet Sugar Co Rocky Ford^Colo |
1,000

National Be
Continental Sugar (.'>

Empire State Sugar Co. -

Utah Sugar Co

Sugar City. Colo I 500
Fremont. Ohio 4'* 1

Lyons. N. Y
Bingham Junction. Utah (auxiliary to
Lehi).

id daily when running full time express." 1 in tons of -.240 pounds

THE PRINCIPAL INJURIOUS INSECTS OF TEE YEAR 1899.

TheAmerican Locust (Schistocerca americanaDr.).—The American grasshop-
per or locust appeared in great numbers in portions of Georgia and Mississippi,

and did considerable damage to corn and small grains, ana in cotton fields.

Tin: Apple Aphis (Aphis )ua!i Fab.).—Many cases of injury by this common
apple pest were reported in various portions of the country, and in particular in

Pennsylvania, District of Columbia. North Carolina, Georgia. Iowa. Washing-
ton, and Arizona.
The Apple-tree Tent Caterpillar (Clisiocampa americana Harr.).—The

apple-tree tent caterpillars were more abundant than m several years in New York
and New Hampshire.
Asparagus Beetles (Orioceris asparagilAwa..; C. 12-punctata Linn.).—These

tw i Bpeci s continued their spread northward and westward, although no serious

injury has yet been reported in the new localities which they have invaded.
The Bean Leaf-beetle (Cerotoma trifurcata Forst.).—This leaf-beetle did

considerable damage to beans in Virginia. Maryland. Alabama, and Missouri;

an attack was noticed also in Illinois.

The Black Aphis of Violets (Bhopalosiphum violce Perg.).—This, one of the
most destructive insects in vi del greenhouses, was reported as in previous years

to be injurious in several localities in New York. Maryland, and Canada, in the
last-mentioned locality being reported by Dr. James Fletcher.

The Black Gooseberry Borer (Xylocrius agassizii Lee).—This new pest of

the gooseberry was reported to have done injury to the stems of this fruit in

British Columbia, where it was found in stock recently introduced from Oregon.
The Boll Worm; Corn-ear Worm (Heliothis armigerfflm.).—In Georgia the

boll worm was more than usually destructive to tomatoes, beans, and sweet corn.

It also did extensive damage to beans in Mississippi. Farther north it was less

injurious than in many years.
The Bronze Apple-tree Weevil (Magdalis amescens Lee).—Injury by this

new enemy to the fruit industry of the Pacific States was reported in portions of

Washington and < Oregon to apple trees of all ages.

The Cabbage CURCULIO (Ceutorhynchus rapce Gyll.).—This enemy to young
cabbage plants was troublesome in the vicinity of Racine. Wis., and was found
in the - ibundance in the District of Columbia.
The Cherry Fruit Fly | Trypt ta cingulata Loew.).—This fruit fly was found

, eiy injurious to cherries in various parts of New York the past spring.

The Chinch Bug | Blissus leucqpterus Say).—An outbreak of the chinch bug in

northern Ohio . Lescrib a by Professor Webster.
The Clover-leaf Weevil (Phytonomus punctatus Fab.).—Extremely abun-

dant in the District of Columbia.
The Colorad i Potato Beetle (Doryphora 10-lineata Say) .—The " Colorado

potato bug" attracted more attention than for several years past. Professors

Slingerland and Quaintance report it as being more than usually common in New
York and Georgia. Professor Johnson did not find it as abundant as usual in

Maryland.
The Common Strawberry Leaf-roller (Thoxopteris comptana Froel.).—This

common leaf-roller occurred in abundance in the District of Columbia and Mary-
land during the last season, and was reported to have been troublesome also in

Iowa and Illinois.

The Common Squash Bug (Anasa tristis DeG.) .—The squash bug continued
its depredations on cucurbits, and has been especially destructive in Georgia.
Dr. Felt has recorded it as abundant in parts of New York. Correspondents
have reported injury also in Mississippi. Wisconsin, and Virginia.
The Destructive Green Pea Louse (Nectarophora destructor Johns.).—This
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plant-louse, new to economic science, attracted much attention along the north-
ern Atlantic section of our country. Recorded from Virginia to New Bruns-
wick, it was especially injurious in Maryland, where Professor Johnson reports its

damage to acres of peas.
The European Orchard Scale (Aspidiotus ostreceformis Curtis).—The dis-

covery of this well-known European scale in various parts of our country has
been recorded by Mr. Marlatt of the Division of Entomology. As yet, it has been
found only in the northern portions—New York, Michigan, and Idaho; and in
Canada.
The Fall Army Worm or Grass Worm (Laphygmafrugiperda S. and A.).—

The fall army worm appeared in unusual numbers during the year throughout a
considerable extent of the eastern United States, from central New York and
northern Illinois to Florida and Georgia, and westward to Kansas. The species
was particularly destructive to the rice and corn fields of the South, to small
grains, grasses, and lawns northward, and to a great variety of garden crops in
all sections. The same insect was reported as damaging tobacco in Cuba.
The Forest Tent Caterpillar (Clisiocampa aisstria Hbn.).—The north-

eastern portion of the country again suffered severely from the ravages of the
forest tent caterpillar.

The Fruit-tree Bark-beetle (Scolytus rugvlosus Ratz.).—The fruit-tree
bark-beetle was observed injuring the peach and other fruit trees in Michigan,
Georgia, Pennsylvania, Ohio, Indiana, Virginia, West Virginia, and Maryland.
The Grape Root-worm (Ficlia viticida Walsh.).—This insect continued its

depredations, according to Messrs. Webster and Mally, in northern Ohio.
The Greenhouse Leaf-tyer (Phlyctcenia rubigalis Guen.).—This destructive

greenhouse pest, though not so troublesome as in previous years, was still of some
importance as a depredator upon violets in Maryland and Virginia, and to other
greenhouse plants in New York and Canada.
The Harlequin Cabbage Bug (Murgantia Mstrionica Halm).—This, one of

the worst enemies of cruciferous crops, was less troublesome northward than for
a number of years. It was, however, locally abundant in certain localities in
Maryland and Georgia.
The Hessian Fly (Cecidomyia destructor Say).—The ravages of the Hessian

fly attracted attention in Ohio, New York, Michigan, and Minnesota, yet without
instances of great severity. In Maryland it was reported as very abundant on
early sown wheat.
The Imbricated Snout-beetle (Epiccerus imbricatus Say).—Injury by this

beetle to fruit-trees in Texas and Oklahoma was reported. Attack was noticed
in Maryland, but the species was rarer in its northern range than in former
years.
The Imported Cabbage Webworm (Hellula undalis Fab.).—This cabbage

webworm, an important insect new to economic entomology, and of recent impor-
tation into the United States, was reported during the year as having done con-
siderable damage to cabbage, turnip, and other cruciferous crops in portions of
Georgia, South Carolina, and Alabama.
The Imported Cabbage Worm (Pieris rapce Linn.).—This species was quite

troublesome to young cabbage in Maryland and Virginia early in the season, but
was controlled by parasites later. It was troublesome during the year in Georgia,
Alabama, California, Illinois, North Carolina, and the District of Columbia.
The Imported Currant Worm (Pieronvs ribesil Scop.).—This introduced pest

was abundant and injurious in Maryland, Virginia, and Kentucky.
The Imported Elm Leaf-Beetle (Galerucella luteola Mull.).—The elm leaf

-

beetle has been recorded as very abundant in Massachusetts by Professor Kirk-
land, in New York by Dr. Felt, and in Maryland by Professor Johnson.
The Larger Corn Stalk-Borer (Diatrcea saccharalis Fab.).—This corn-

stalk-borer has been recorded as abundant in parts of South Carolina, Georgia,
and Alabama, but was rare farther southward.
The Mediterranean Flour Moth (Ephesiia Icuehniella Zell.).—This moth

waa a conspicuous mill pest in California, Pennsylvania, New York, Ohio, and
Canada. Late in the previous year it was reported in a new State, Minnesota.
The Melon Plant-Louse (Aphis gossypii Glov.).—Professor Johnson reports

that the melon plant-louse ruined hundreds of acres of melons in Maryland. Pro-
fessor Quaintance recorded its abundance in Georgia.
The New York Weevil (Ithyccrus noveboraeensis Forst.).—During the year

this species effected injury to apple and peach trees, as reported by Professor
Quaintance in Georgia, and by a correspondent of the Division of Entomology in

Virginia.
The Oblique-banded Leaf-Roller (Cacoeda rosaceana Harr.).— This com-
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mon enemy of rosaceous plants was observed by Messrs. Chittenden and Pratt in
great numbers in different localities in Maryland, and an attack was reported by
Dr. James Fletcher in greenhouses in Canada.
The Onion Thrips (Thrips tabaci Lind.).—The onion thrips continues to be a

subject for investigation in several States, Michigan and Georgia being notably
affected, while it was also recorded from Ohio, Florida, and New York.
The Pale-Striped Flea-Beetle (Systena blanda Mels.).—Injury by this

species was noticed by a correspondent in Michigan, and it was reported by Pro-
fessor Johnson as troublesome in Maryland. Damage was severe to sugar beets,
to Kieffer pear grafts and to tomatoes. Attack was also noticed on beans.
The Pear-Tree Psylla (Psylla pyricola Forst.).—The pear-tree Psylla has,

according to Professor Johnson, been unusually abundant in Maryland pear
orchards.
The Pickle Worm (Margaronia nitidalis Cram.).—The pickle worm was

very destructive to cucurbits in Georgia.
Pine Bark-Beetles (Dendroctonus spp.).—Extensive damage was done to

coniferous forests in the Northwest by species of this genus of destructive bark-
boring beetles.
The Plum Curculio (Conotrachehis nenupliar Hbst.).—The plum curculio

was reported try Professor Quaintance as ovipositing in apples, currants, and
salmon berries in Georgia. In Maryland Professor Johnson states that it did
much injiiry to the peach crop.
The Plum Moth (Grapholitha prunivora Walsh.).—This insect which is some-

what of a pest farther north, was abundant in Maryland near the District line,
attacking and destroying both plums and apples.
The Purple Scale | Mytilasi ns citricola Pack. ) .—The purple scale of the orange

seems to have gained a firm foothold in southern California, and during the past
n there was considerable alarm among the orange growers of that State. A

Male employee. Mr. George Compere, was sent to Hawaii to collect specimens of
a ( !occinellid beetle, which Californianshope may reduce the scale insect to insig-
nificant numbers.
The Rocky Mountain Locust (Midanoplus spretus Thos.).—There was some

hatching of the destructive Western grasshopper or migratory grasshopper in
North Dakota during the present season, and a large swarm was observed flying
over that portion of the country.
The Rose-Ciiafek (Macrodactylus siibspinosus Fab.).—Professor Webster, of

Ohio, claims to have found a valual tie remedy for the rose-chafer. One-half pound
of fish-oil soap dissolved in a gallon of water and sprayed upon them will kill 95
per cent.
The Salt-Marsh Caterpillar (Leuoorciia acrcra Dm.).—This was one of the

commonest caterpillars in the District of Columbia. Maryland, and Georgia during
the year, attacking cabbage, beans, peas, and various other garden crops.
The San Jose Scale (Aspidiotus pt rniciosus Comst.).—The San Jose scale con-

tinues to occupy a prominent place in the list of insect pests. Notable remedial
work was performed both in Maryland, where Professor Johnson exterminated it
witli hydrocyanic-acid gas. and'in New Jersey, where Professor Smith used
crude petroleum against the scale.

The Seventeen-year ClCADA {Cicada septendecim Linn.).—Brood XIX of
the Seventeen-year Cicadi made its appearance in western New York.
The Smaller Corn Stalk-Borer (Elasmopalpuslignoselhis Zell.).—This stalk-

borer was reported for the first time since 1881 as injurious in the Southern
States. It was destructive to beans and peanuts in Alabama, Georgia, and South
Carolina.
The Sooty Corn-Root Webworm (Crambus caliginosellus Clem.).—Professor

Johnson has recorded a new and remarkable habit of the corn Crambus in infest-
ing the stalks of tobacco. It was also abundant on lawns in the District of
Columbia.
The Squash-Vine Borer (Melittia satyriniformis Hbst.).—The squash-vine

borer was reported in injurious numbers from Georgia and Ohio. It was abun-
dant in some localities in Maryland, but occurred so late as to do little injury as
compared with former years.
The Striped Blister Beetle {Epicavta vittata Fab.).—This blister beetle

was very abundant in New York on potatoes, according to Dr. Felt. Professor
Webster says that more complaints than usual were received of its ravages in
Ohio, while Professor Johnson recorded it as especially numerous on potatoes,
tomatoes, cabbage, and beets in Maryland.
The Striped Cucumber Beetle (Diabrotiea vittata Fab.).—The striped cucum-

ber beetle was reported as doing much damage in Georgia, Maryland, and Indiana.
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The Tarnished Plant-Bug (Lygus pratensis Linn.)-—Professor Stedman has
reported on the damage by the tarnished plant-bug in Missouri. Professor
Johnson recorded it as sucking the buds of pear and plum trees in Maryland; he
used a spray of 15 per cent solution of kerosene and water successfully. Professor
Webster recorded it as injurious to peach buds in Ohio.
The Violet Sawfly (Emphytus canadensis Kby.).—This sawfly was reported

by Dr. James Fletcher to have been destructive in violet greenhouses at Toronto,
Canada.
The Walnut Hand-Maid Moth (Datana integerrima G. &R.).—The cater-

pillar of this destructive forest insect was reported to have done extensive injury
to different species of forest, shade, and fruit trees by defoliation in Ohio, North
Carolina, Maryland, and the District of Columbia.
The Western Corn Root-Worm (Diabrotica longicornis Say).—During the

season this species was injurious in Nebraska and Ohio, and was reported to be
increasing in the severity of its attack in both States.
The Western Green June Beetle (Allorhina mutdbilis Gory).—This south-

western species of June beetle was stated by a correspondent to have been inju-
rious to a considerable number of fruits in southern Arizona.
The White-Marked Tussock-Moth (Orgyia leitcostiyma S. & A.).—In Balti-

more, Md., this tussock-moth was unusually troublesome on shade trees.
Wingless May Beetles (Lachnosterna farcta Lee, and L. lanccolata Say).

—

The two species of wingless May beetles above mentioned were injurious to col-
lards in Texas.
The Woolly Bear (Spilosomavirginica Fab.).—The woolly caterpillars of this

moth were very injurious to onions in both Georgia and Massachusetts as
reported by Professor Quaintance and Professor Kirkland.

PROGRESS IN FRUIT GROWING- IN 1S99.

In the absence of statistics en the subject, it is cafe to say in a general way the
year 1899 was a fairly prosperous one in fruit growing. Where crops were short
many valuable lessons resulted in experiences gained of certain peculiarities of
the season.
A prominent fruit grower in southern Michigan, whose motto has been " Thor-

ough Culture,'' reaped a rich harvest from his peach crop, though the widespread
and unusual cold wave of February, 1899. had destroyed the peach buds, not only
of his vicinity, but of nearly the whole peach belt from the Rocky Mountains to
the Atlantic seaboard. The exception in his case was doubtless due to the fact
that his trees were in complete health, full of vigor, and constant care and con-
tinuous culture prepared them for the trying ordeal through which they passed.
This fact is suggestive.
Another peculiarity of the past season was the long-continued and universally

prevalent droughts. Here, also, is found a valuable lesson on culture. An intelli-

gent fruit grower of Connecticut, who has more than once pronounced blessings
on the San Jose scale, curculio, and codling moth, inasmuch as they have no ter-
rors for him, but assist him in securing a monopoly of the best markets, claims
the drought is a blessing in disguise, as he meets it in an intelligent way that is

sure to bring satisfactory rewards for his perseverance. It is sufficient to say he
dots not " wait for rain " before ordering his cultivators into the field.

Pomology not being an exact science, it is impossible to make a definite state-
ment of the progress made during a given time; but it is safe to say that no single
year in the history of fruit growing in the United States has shown greater
progress in the production of new varieties as well as in methods of culture, care
of trees, plants, and vines and the management and marketing of fruit products.
The production of new and desirable varieties is an art rapidly approaching the

conditions of a true science. While it is a fact that many valuable discoveri-. s in
this line have been the result of accident, we are not content to longer trust to
chance for valuable results. Fruit growers are learning to combine the good
qualities of both parents in the improvement of pomological offspring, as is done
in the breeding and improvement of domestic animals. Very great skill and sci-

entific knowledge is required in the line of plant breeding in order to obtain any-
thing like satisfactory results. From this cause the successful and continuous
production of desirable new varieties will forever belong, as it now does, to the
intelligent, painstaking few. No mere bungler or novice can expect to attain

try results in this line of work. The creation and introduction of new
ami promising varieties of fruits is not the work of a given period of time, as, for
instance, ;i calendar you-, but more properly a series of years, in which to test
their qualities under the varying conditions and vicissitudes of climate, etc. A
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variety must be pretty thoroughly tested by the above standard before it can be
safely given out as beyond doubt "an acquisition.
In "this connection it is admissible to refer to a series of interesting experiments

being made by Prof. H. J. Webber, of the Division of Physiology and Pathology,
in the production of hybrids of the hardy orange. Citrus trifoliata, crossed with
the common sweet orange. These experiments are now well under way, many
promising plants having already been produced, from which it is hoped to obtain
fruit in the near future It is hoped that varieties may thus be obtained that are
of fine quality and sufficiently hardy to greatly extend the limit of practical
orange growing.
The successful introduction into California of the blastophaga during the past

year by the Department of Agriculture, greatly encourages the"hope of success in
producing the true Smyrna fig. Great anticipation is now centered in the successful
wintering of the colony of insects established .luring the past year at Fresno. If
they should come orit all right in the spring and follow their natural instincts,
as in their native home of Smyrna, the successful pollination of the Smyrna fig in
California is almost assured.
The export trade in apples, while not as large as that of 1896-97 (the largest

ever known by more tnan i ,500.000 barrels) . shows an increase over the year 1897-98
of almost a half a million barrels. Great Britain is the best export market for,
the apple, and there is an increasing demand for the apple in the German Empire.
The shipments of deciduous fruits from California shows an increase of 37 per

cent over the year 1898. The total for the year was 7,500 carloads. California
produced 14,000,000 pounds of almonds, equaling one-third of the home consump-
tion.

The best paying fruit crop mi the Delaware peninsula in 1899 seems to have been
the Kieffer pear.

Florida produced about $300,000 worth of cocoanuts.

RECENT PROGRESS IN ROAD BUILDING.

The Maryland highway division of the State geological survey, since its
creation by the legislature in 1898, has made a careful inquiryinto the road ques-
tion of the State. Its report sets forth the need of better roads, and gives sug-
gestions as to the manner in which this result may he most quickly and accept-
ably brought about. The document takes up the question of road legislation
and shows how much money could be saved by putting the roads in good condi-
tion: which amount. is estimated at $3,000,000 per annum. The total mileage of
public roads in Maryland is placed at 1L4S8. or about 1.47 miles to each square
mile of territory. This amount includes toll roads which are owned by 51 com-
panies, the combined length of such roads being 497 miles. Over lo.OOO miles of
Maryland roads are compos< d of earth. 890 miles are built of stone, 505 miles of
gravel, and 250 miles of shells. There are '2.021 miles of highways in the State
that are classed as main roads.
Governor Stone, of Pennsylvania, has recently appointed a special commission

to investigate the road subject of the State and to present a bill to the next legis-
lature which, in the opinion of the commission, will best meet the demands for a
change in the present system of road building. The commission consists of A. J.
Cassatt, president of the Pennsylvania Railroad; ex-Governor Beaver, John P.
Elkin, attorney-general of the State; H. B. Breckenridge, of Leetonia, and H. C.
Snavely, of Lebanon.
A report comes from Allegheny County, Pa., that 25 miles of road were opened,

improved, and dedicated to the public during the calendar year 1898, and during
the past year the amount has been increased to 50 miles. These roads have been
macadamized and given subdrainage and surface drainage. The width of the
main roads is about So feet, and they traverse populous rural districts. The average
cost per mile for road improvement in Allegheny County is about §6,000. About
85 miles of roads are either contracted for or are now undergoing improvements.
The legislature of New York is being strongly urged to appropriate 81.000,000

this year for the improvement of State roads. Massachusetts appropriates one-
half million dollars annually for the same purpose, while New Jersey spends
$150,000, and will this year probably increase that amount to $200,000.
The toll roads of Kentucky are being bought up and made free as fast as possi-

ble. These turnpikes are turned over to the count-ies in consideration of a payment
of from $75 to $250 per mile. Some of them, however, are given to the counties
without any consideration whatever. Shelby County has recently bought up 117
miles of turnpike, at a total cost of about $15,000, and these roads were made free
on January 1, 1900. It has been estimated that nine-tenths of the roads of Xen>
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tucky are still worked in the old-fashioned way by forced labor. Each man living

on the farm, between the ages of 18 and 50, is compelled to work the road or pay
someone else to do so. This system very rarely results in good roads, as a large
portion of the work injures rather than benefits them. The feeling is growing
in Kentucky that the existing method compels too small a portion of the citizens

to bear the burden of improving all the roads of the State, and a movement is

now on foot to secure a more uniform system of taxation by passing a State-aid
law. The same condition exists in Virginia, where the State-aid sentiment is also
becoming very strong. A State-aid measure is also to be presented to the legisla-

ture of Ohio, and will stand a fair chance of becoming a law.
In Georgia road improvement is making a steady march. In the vicinity of

Athens over six miles of roads have been, in the last six months, thoroughly
graded and several very steep hills have been thrown out. The work has been
done at a very small expense to the county, the excavation and removal of earth
costing not more then 10 cents per cubic yard.

A long step toward better roads was taken in Tennessee by the adoption of a
new road law. This law, in effect January 1, 1900, differs from the old law in

that it requires the election of only one road commissioner for each county, who
is to have charge and oversight of all roads and bridges in the county. Under
the old law a commissioner was elected for each civil district. All highways in
the State are now to be worked by contract, sealed proposals for which are sub-
mitted on or before the first Monday in January of each year. The main high-
Avays are to be constructed according to correct and high standard specifications,

avoiding heavy grades and reducing some by cutting down steep portions or
changing the direction of the road where advisable. Bradley County, Tenn., is

to have a hundred miles of new stone roads, having recently borrowed money for
the purpose. The construction of the main road from Cleveland to Mahan Gap
has already been begun; hills are being leveled or skirted, hollows filled, and stone
culverts and framework for bridges built. It is thought that 100 miles of stone
and gravel roads will be completed in Bradley County by the end of the calendar
year 1900.
The.commissioner of highways of Connecticut estimates that 500 miles of roads

have been completed since the State-aid system was adopted. The improvement
of several hundred more miles is in progress or has been projected.

State Commissioner of Highways Viall, of Vermont, states that more miles of
roads have been built during the last year than during the whole period from
1893 to 1898. One hundred and seventeen miles of road were built during the
calendar year 1899, and at this rate, if it continues, the commissioner says that
the main thoroughfares of the State will be made permanent' -within a few years.

The people of Columbia, S. C, have come to realize the necessity of good roads
as well as the importance of building them in the best and most economical way
through the medium of good-roads machinery. A road-building plant has recently
been purchased at an expense of about 86,000, which includes a fine rock-crushing
plant, a large and a small steam roller, big plows, road machines, etc. The rock-
crushing plant turns out about 60 tons of stone daily.

A few years ago the legislature of California passed a wide-tire law, which went
into effect January 1, 1900. Several defects have been pointed out in the law, and
it is quite probable that it will become a dead letter on the statute books.
At East Hampton, N.Y., the women have taken a hand in the building and

maintenance of the public highways, and for this use $1,551.50 has been turned into

the treasury of the Ladies Village Improvement Society during the past season.
Considerable interest has been recently taken in the use of crude petroleum in

improving the surfaces of common earth roads. The press has given the idea
a wide circulation, and experiments are being made throughout the country. The
advocates of this system claim that when a road is properly treated with oil the
result is a dustless and nonabsorbent surface, which will turn rain water and
furnish, a dark-colored roadbed, which is more pleasing to the eye than the ordi-

nary light, dusty soil; also that an oiled road will be free from grass or weeds.
The present methods of oiling the roads are yet in the experimental stage.

PLANT DISEASES IN THE UNITED STATES IN 1899.

DISEASES OF FRUIT, SHAPE, AND OTHER TREES.

With a few exceptions, the prevalence of fruit di?eases in the United States in
1899 did not vary greatly from what lias been noted for previous years. Fruit
trees throughout the country were in many cases severely injured by the extreme
cold of the winter, and, while in many instances they recovered remarkably well,
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yet a number -were killed outright and some were so badly injured that they suc-
cumbed later. Some were so slightly affected that the injury was not very appar-
ent, but in many cases such trees will inevitably sooner or later become affected
with some of the more common diseases. Peaches and. to a lesser extent, other
fruit trees were so injured that they bore no fruit. Pear blight was very prev-
alent during the year, causing much damage in the Le Conte pear region of
the South, and was reported for the first time as doing considerable injury on the
Pacific coast.

Apples were remarkably free from diseases of all kinds throughout the South,
bnt in the Northern Pacific States a disease known as black canker caused great
injury. Where the lines of treatment recommended 1 >y the Department \vere
carried out. however, the latter disease seemed to be controlled.
Peach yellows still continues to do injury, notably in the region near the

Atlantic coast. In Michigan the disease has been brought largely under control
by rigid inspection of orchards and the destruction of diseased trees as soon as
discovered. A new disease, known as little peach, has recently appeared in the
peach orchards of Michigan, and is also known to occur in New York and Dela-
ware. Peach-leaf curl hasbeen more or less prevalent throughout the Pacific coast
region, as well as in the East. The application during the year of sprays recom-
mended by the Department has resulted in controlling the disease wherever the,
treatment was properly made.
Black rot, anthracnose, and other diseases of the grape prevailed more or less,

but in mr.st cases they were held in check where proper treatment was carried on.
The California vini lerable alarm in parts of central and
northern California . and experiments having for their ol >ject the discovery of resist-

ant varieties are n<>w being carried on and show encouraging results.
In the subtropical fruit-growing region, notably in Florida, freezes injured the

young orange 1 n nnous efforts made by the growers to protect
them by means of sheds, i nts, tc. Pineapples have been injured by a number
of dif pecially by blight, but where careful attention is given to selecting
healthy slips this disease may be in a measure control]' d.

Various trees planted for shade or ornament have been affected with the usual
diseases which prevail to a greater or less extent every year, depending much on
climatic conditions. In cities especially sha< apt to suffer during even
moderate droughts, and there were many complaints, resulting from local causes
of this kind, during the year. .

DISEASES OF SMALL FRUITS.

Anthracnose of the raspberry and blackberry and strawberry leaf blight were
abundant, although not mure so than in previous year-.

DISEASES OF COTTON", VEGETABLES, AND CEREALS.

Cotton was considerably injured by : mown as wilt, which lias spread
over large areas of the sea island region and has also done considerable damage
in the upland districts. Anthracnose and rust of cotton also caused severe
damage in several localities. Watermelons were injured by the wilt, but where
the recommendations of the Department with reference to rotation of crops and
the use of fresh land were followed the disease was held in check.
The leaf spot of muskmelons was exceedingly abundant, especially in the Cen-

tral States and the Rocky Ford. Ga.. melon district. Tomatoes were injured by
the leaf blight (Septoria) . which must now lie regarded as a serious factor in con-
nection with the growing of this crop in the Central States and to some extent
elsewhere. The bacterial diseases of cabbage, and of the tomato, eggplant, and
Irish potato were about as abundant as usual, but did not do great damage except
in limited localities. The various grain rusts and smuts were not more destruct-
ive than usual, although prevalent~to a considerable extent.
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STATE STANDARDS FOR DAIRY PRODUCTS, 1900.

The following table shows the requirements for articles sold under the names
specified. States notnamed have no laws prescribing standards for dairy products:

[Prepared by Dairy Division, B. A.I.]

States.
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tion that promises to be substantially effective. In the suppression and avertance
of forest fires tlie present system has already shown encouraging results.
Since September, 1898, seven new reserves have been added. These are the

Trabuco Canyon and the Fish Lake reserves, the Gallatin reserves, the Gila
River. Lake Tahoe. Santa Inez, and Prescott reserves, with a total acreage of
5,250,136 acres. The Mount Rainier Reserve, originally created by President
Cleveland, has been reduced by '-307,360 acres, which have been set aside to form
the Mount Rainier National Park.
The United States Geological Survey is steadily pursuing its all-important work

of surveying, describing, and mapping the lands included in the reserves. The
work of mapping has progressed in the Flathead and Lewis and Clarke reserves of
Montana, the Priest River and Bitter Root reserves of Idaho, the Cascade Reserve
of Washington, and the Uintah Reserve of Utah.
The examination of the forests of the reserves and adjacent regions has, during

the past season, been completed in the Mount Rainer Reserve of Washington; has
been continued in the Olympic Reserve, nearly completing that valuable forest
region: has been commenced in the Cascade Reserve of Oregon, and the reserves
of the Sierra Nevada i if California. The work of estimating the supply of stand-
ing timber, which was completed forthe State of Washington last year, has been
continued into Oregon, and most of the stand of that State has been secured. It*
has been continued in California, with the prospect of completing that State
during the coming year. Similar estimates are being made for the States of the
Great Lakes—Michigan, Wisconsin, and Minnesota—the work being carried on
jointly by the Department of Agriculture and the Geological Survey.

teral public interest in forestry has increased in a remarkable degree, shown
by the attitude of the press and the favorable legislative action which has fol-
lowed agitation among the States; New York, with its College of Forestry and
management of the the college forest, both now well under way. under the direc-
tion of Dr. B. E. Fernow, takes, perhaps, the first rank. This year a further
appropriation of $300,000 was made for additional purchases of forest land in the
Adirondaeks. bringing the whole amount expended for this purpose since the
organization of the Foresl Preserve Boardin L897 to a iota! of S1.800,000. Though
the purchases are not yet completed, the figures contained in the last report of
tlie board show a total ar< a <<\' lands in the Adirondaeks reserved to the State
amounting to something over 1,100,000 acres. More significant still, as marking
the beginning of a distinct movement on tin- part of private owners of forest
lands, is the work in private forestry, also in the Adirondaeks. which has been
regarded as satisfactory in the main, both by the persons interested and by the
Division of Forestry, under whose guidance it has been carried on.

California, as usual, has been mosl active in ail departments of forest agita-
tion, and although comprehensive legislation failed of tlie governor's approval at
tlie very close ,,t tlie la st session of the legislature, the intent of the plan was car-
ried into operation by the forest organizations themselves. A noteworthy happen-
in-- has been the offer of certain redwood manufacturers to furnish $1,000 in
money, as well as to provide subsistence in their camps and transportation over
their lines for the ag< nts of the Division of Forestry, in order to hasten the time by
a year when investigations on the growth and reproduction of the redwood could
be begun. At the University of California a school of foresty may be established
in the not distant future.
Pennsylvania also has made marked progress. Her forest-fire law has received

a useful amendment. The commissioner of forestry has received added author-
ity, conferring power to purchase lands for creating forest reservations whenever
there are available funds in the treasury for that purpose. Under the safeguards
provided there is no necessity for delay in awaiting special legislation for each
new case of purchase. Finally, the commission authorized sometime since to
select three tracts of land of at least 40,000 acres each, is about to take final action,
and a recent communication from Dr. Rothrock states that within the next few
months probably 200,000 acres of forest land will be reserved to the State of
Pennsylvania.
Minnesota has been especially energetic, and has been fortunate in having the

efforts of her own citizens, ably assisted by enthusiastic friends from other States,
in the endeavor to induce Congress to set apart vast timber lands for a national
park and forest reserve. A State board of forestry has been appointed, whose
members have been chosen on a well-considered plan. The special points of this
admirable act are its provisions for the acceptance by the board of lands granted,
deeded, or devised to them for the purposes of forest reservations, and for the
reinvestment of the moneys to be derived as revenue from the proposed manage-
ment. Assurances have been given that gifts, under these provisions, amounting

1 A 99 48
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to thousands of acres, will very soon be made to the board. An executive com-
mittee has been chosen, composed of Captain Cross, president of the board;
General Andrews, its secretary; and Professor Green. It took action at once to
arrange for a visit of inspection of the Minnesota forests by Dr. C. A. Schenck.
Michigan has likewise created a permanent forest commission, with the com-

missioner of the State land office as ex officio member. The personnel of the
commission, headed by Mr. Arthur Hill, a promment lumberman, promises most
favorably. The main provision of the act is that the governor appoints a State
fire marshal, for a term of two years. The marshal appoints two deputies, one
of whom shall reside in the upper peninsula; and in addition, city and town fire

marshals throughout the State are made deputies. A bill to create the office of
fire warden, with provisions based on the Massachusetts law of 1894, was intro-

duced but failed of passage. Its supporters, however, have good hope of securing
its enactment at the next session of the legislature.

What Minnesota has been attempting for the North and West, North Carolina
is urging for the South, and for the seaboard States in general. A great national
park is proposed for the crest of the Alleghenies, primarily for timber preservation.
Georgia has passed a significant amendment to her forest-fire law by which the

setting of fire to woods willfully, carelessly, or negligently is now made a misde-
meanor, whereas formerly malicious intent was specified, a provision which made
the laAV inoperative from the difficulty of establishing proof. A number of other
States stand in need of similar amendments before their statutes, long dead on
the books, can be rendered effective.

Wisconsin has provided that forest wardens, formerly appointed in every organ-
ized town, are henceforth to be appointed in certain counties, while in the remain-
ing counties they are to be appointed only on request of the supervisors.
In the matter of tree planting and conservation on a small scale, Indiana has

passed a law offering partial remission of taxes on definite proportions of holdings
covered with a specified number of forest trees per acre, either as virgin forest or

as planted or partially planted to that number. Such areas are to be assessed at
a valuation of $1 per acre.

Nebraska and Nevada have repealed their laws providing bounties for forest

trees planted and cultivated. Like the bounty law of Pennsylvania, they have
had small results becaiise of the trivial inducement offered.

The legislature of North Dakota recently established a school of forestry,

located at the village of Bottineau; and a bill has just been introduced in the
United States Senate (Senate bill 158, December 6, 1899,) providing for the grant of

30,000 acres of public land, to be selected by the proper authorities of the State,

to aid in the maintenance of the school. The bill has been twice read, and
referred to the committee on public lands.
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AGRICULTURAL LIBRARIES OF THE UNITED STATES.

p, >s t

Alabama Auburn
Uniontown .

Arizona ! Tucson
Arkansas . Payetteville
California ' Berkeley
Colorado .

Connecticut

Delaware .

Florida ...

Georgia . .

.

Idaho -

Illinois

.

Indiana
Iowa . .

.

Kansas .

Kent lie iky

Loui-
Maine

Maryland

husetts

Michigan .

Minnesota

Missis

Montana

Nebraska
Nevada
New Hampshire

New Jersey —
New Mexieo.

New York . .

.

North Carolina.

North Dakota
Ohio

Institution.
Volumes.
agricul-
tural.

State Ag'l and Mechanical College

.

Canebrake Experiment Station
University of Arizona
l "ni versify of Arkansas

. University of California
Fort Collins State Agricultural College
Storrs. Connecticut Agricultural College .

New Haven Conn. Ag"l Experiment Station
Newark Delaware College.
Lake city Florida Agricultural College -

Athens..* State ColTege of Agriculture and
Mechanic Arts.

College Georgia State Industrial College ..

Dahlonega North Georgia Agricultural Col-
lege.

Experiment - Experiment Station
Mifiei I ... Middle Georgia College..
Moscow University of Idaho

uu University of Illinois
I Illinois School of Agriculture and

Manual Training for Boys.
Lafayette Purdue Universi t y
Ames - State College of Agriculture and

Mechanic Arts.
- Iowa Horticultural Society

Manhattan. Kansas Agricultural College..
Topeka State Board of Agriculture
Topeka .... ... . Kansas Horticultural Society
Lexington Agricultural and Mechanical Col-

of Kentucky.
Frankfort State Normal School
New I trleans Louisiana University
Orono ! University of Maine
Augusta Maine Board of Agriculture

'• Park Maryland Agricultural Colleg
College Park Maryland Horticultural Society...
Amherst Massachusetts Agricultural Col-

I leg
Bussey Inst it ut ionJamaica Plain

i Bos-
ton I.

Boston, lol Tremont
street.

Boston. Sta1

Winchester

Agricultural I

Minneapolis
Minneapolis
Taylors Falls
Agricultural Colleg' 1

Westside

Columbia
Bozernan.

Bozeman.
Lincoln .

.

Reno
Durham .

New Brunswick.
New Brunswick.
Trenton
Mesilla Park

Geneva .

Ithaca.

.

Baleigh

Fargo
Columbus.

.

Columbus .

.

Wooster
Stillwater .

.

Corvallis
Pennsylvania ! Harrisburg

Oklahoma

Oregon

S<>-- Horticultural
ciety.

Massachusetts Board of Agricul-
ture.

ester County Horticultural
Society.

husetts Forestry Ass
tion.

Agricultural College.
University of Minnesota
Minnesota Horticultural Society ..

Minnesota Forestry Association .

.

Mississippi Agricultural and Me-
chanical College.

Alcorn Agricultural and Mechan-
ical College.

University of Missouri
Montana College of Agriculture
and Mechanic Arts.

State Board of Horticulture
University of Nebraska
Nevada State University
New Hampshire College of Agri-
culture and Mechanic Arts.

Rutgers College
Experiment Station
State Board of Agriculture
New Mexico College of Agricul-
ture and Mechanic Arts.

Experiment Station
Cornell University
North Carolina College of Agricul-
ture and Mechanic Arts.

N. Dakota Agricultural College
Ohio State University
State Board of Agriculture
Agricultural Experiment Station

.

Oklahoma Agricultural and Me-
chanical College.

Oregon Agricultural College
Pennsylvania State Agricultural
Society.

1 Th.e numbers in some cases include pamphlets as well as bound volumes.

Total
volumes.

2,404
1,000
248
750

3,000
500

1,000
2,000
4,500
3,300

600

800
(a)

7,500
(a)

2,800
2,400

1,500
7.260
(a)
(a)

500

957
550

2,500
1,300

9,192

(a)

10,000

3,200

3,000

500

9,000
7,000
1,800

100
3,810

75

3,000
100

300
4,856
(a)
2,100

12,855
2,885

a50
500

4,400
15,000
(a)

3,800
5,000
4,000
1,600
(a)

170
3,125

13, 082

4.000
2. 000

70. 000
0, 968
7.000

10. 000
5,500

20,000

500
5,000

800

1,500
13, 00Q
45,980
3,000

9,200
13,000

1,500
19,704
1,000

500
7. 015

1.372
1 , t>u5

16,000
1,500
4,000
3,000
19,980

14,569

10,000

3,200

3,000

500

19, 380
50,000
1,800

100
10,084

4,000

30,000
4,000

300
44, 000
4, 000
7,000

40.000
2,885

400
3,552

4.400
225,000

4,000

8,000
32,000
4,000

3,497

5,000
3,125

a Not stated.
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AGRICULTURAL LIBRARIES OF THE UNITED STATES—Continued.

State.
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COTTON EXCHANGES—Continued.

( Sty and State.
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Acreage, production, value, prices, and exports of wheat in the United States, 1866
to 1899, inclusive.
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production, value, prices, exports, and imports of oats in the United
States, IS66 to 1899, inclusive—Continued.
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Acreage, production, value, prices, and exports of rye in the United States, 1866
to 1S99, inclusive.
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ige, production, value, etc., of buckwheat in the United States, 1866 to 1899.
inclusive—Continued.

Fear.
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Acreage, production, value, prices, and exports of hay in the United States, 1866
to 1899, inclusive.
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ige, production, value, prices, and exports of cotton in theUnited States, 1866
to 1898, inclusive—Continued.
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Acreage, production, volar, and distribution of the principal crops of the United
States in 1S99, by States—Continued.

CORN—Continued.

States and Territories.

Colorado
New Mexico
Utah
Washington
Oregon.
California
Oklahoma

United States

Crop of 1899.

Acreage. Production. Value

Acres.
171,264
24,015
8,134
5,586

13, 519
56, 925

533, a35

82, 108, 587

Bushels.
2,911,488
480,300
162,680
128, 478
297, 418

1,536,975
10,133,365

3, 078, 143. 933

Dollars.
1,251,940

278, 574
95, 981
70, 663

190,348
922, 185

3,026,673

629,210,110

Stock on hand
Mar. 1,1900.

Bushels.
756, 987
57,636
32, 536
37, 259
56, 509

430. 353
3,040,010

73. 789, 528

Per ct.

26
12
20
29
19
28
30

37.2

Shipped
out of
county
where
grown.

Bushels.
116,460
33,621
1,627

17,845
76.849

1,418,671

348.097,934

WHEAT.

Maine -

New Hampshire . .

.

Vermont
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina
South Carolina
Georgia
Alabama _

Mississippi
Texas
Arkansas
Tennessee
West Virginia
Kentucky
Ohio
Michigan
Indiana
Illinois . _

Wisconsin
Minnesota
Iowa -

Missouri-..
Kansas
Nebraska
South Dakota
North Dakota
Montana
Wyoming
Colorado
New Mexico
Arizona
Utah .-.

Nevada
Idaho
Washington
Oregon
California—
( )klahoma

United States

Acres.
1,953
511

3,560
300

378, 690

123,370
1,505,362

72, 856
759, §43
753, 625
521,731
148,271
297,239
56, 735
3.248

814. 832
227. 135
953, 187

417. 285

901,272
2.816,761
1,587,523
2, 587, 875
1,266,541
759, 573

5.091,312
1 , 399, 653
1,151,384
3,721,229
2,018,619
3,526,013
4, 043, 643

69, 764
21,029
309,011
186,946
22,362
180,505
38,167

142, 153
956, 405

1,143,205
2,393,185
1,2 IK, 253

44,592,516

Bushels.
43, 942
8, 789

78,320
5,490

7,005,765
1,788,865

20, 472, 923
932. 557

10, 710, 966
6,330,450
3,495,598

903, 702
2.021.225

431,186
25,010

9.044.035
1,953,361
8,292,727
3,880,751
8,201,575
39,998,006
13,335,103
25,361,175
12,605,410
11,773,382
68,223,581
18, 195, 489
11,1398,702

36,468,044
20.791,770
37,728.339
51,758,630
1,792,935

305, 345

7,337,781
2,579,855

342, 139
3. 736, 454

687,006
3, 440. 103
21,710,394
21,949,536
33, 743, 909
10,202,705

5-17,303,848

Dollars.
39,987
8,350

572
210
012
649
129
139

457
010
:;oo

121
SCO
750
508
352
151
327
333
040
724
875
152

5
5,G04
1,341

13. 512
634

7,283
4,368
2, 860
954

1,980
383
19

6,150
1.250
6,468
2,755
5,413

25. 598

8,667
16, 231
7.979
7,181

37, 522

10, 007
7,067
18,903
10,187
18, 804
20.300
1, 093
264

4,182
1,573
218

1,980
522

1.72D
11,072
11,033
20, 921

8, 587

319,545,259

Bushels.
11, 425
1,055

25, 062
1,702

2.522,075
518,771

7,165,523
233, 139

2, 463, 522
1, 519, 308
978,767
154,202
384,033
68, 990
6,002

1,356,695
507, 874

1,824,400
1,280,648
1.8(4,340

14, 399, 282
4, 000, 558
6, 086, 682
2, 026, 466
4, 356, 151

23, 196, 018
5. 822. 556

2,507,714
9,481,691
6, 653, 368

10, 186, 652
11,386,899

573,739
59, 302

2.054,570
412. 777
30, 793

934, 114
109, 921

3 . 238, 437
7,815,742
7,082,3.38

12,147.807
2, 754. 170

158,745,595

Per ct.

26
12
33
31
36
29
35
25
23
24
28
16
19
16
24
15
26
22
33
22
36
30
24
16
37
34
32
22
26
32
27
22
32
15
28
16
9

25
16
36
36
35
36
17

Bushels.
439

783

1,261,038
339,884

5,118,231
531.557

5,569,702
2,215,658

174,780

101,061
4,312

2,080,266
312, 538

1, 824. 400
853,765

1,886,362
17. 599, 123
6, 400, 893
11.412.529
3, 546, 315
2. 354. ore
53,896,629
4, 912, 782
2,507,714

22, 974, 868
10.3H5.888

29,805,388
45,517.594

645. 457

19, 767
2,935.112

103, 194
78, 092

822.020
151,141

1,926,458
16,934,107
13,608,712
23,058.175

10,207/ i:

305.010,752

OATS.

Maine
New Hampshire
Vermont
Massachusetts -

.

Rhode Island ...

Connecticut
New York
New Jersey

Acres.
141,619
29, 927
107,000
14.810
3. 008

18,752
1,464,668

95, 193

Bushels.
4,956,665
1.047,445
3, 959, 333

480,027
05.308
525,050

45,401,608
2.281.032

Dollars.
1,883,533

408, 504
1.404.053

185,850
35.280
104.271

I I, 982. 531

763,929

Bushels.
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Acreage, production, value, and distribution of the principal crops of the United
States in 1899, by States—Continued.

OATS-Continued.

States and Territories.

Crop of

Acreage. Production Value.

Stock on hand
Mar. 1. 1900.

Shipped
out of
county
where
grown.

Pennsylvania ..

Delaware
Maryland
Virginia.
North Carolina .

South Carolina .

<
'•• orgia

Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia .

Kentucky
Ohio
Michigan
Indiana
Illinois

Wisconsin
Minnesota
Iowa.
Missouri
Kansas
Nebraska
South Dal:
North Dakota .

Montana
Wyoming
( tolorado
New Mexico
Utah
Idaho
Washington

on
Calitoruia

Acre*.
1,186,804

16, 004

72, 852
367,537
398,934
251,998
476,873

301,207
136,574
30,738

682,719

380, 146

137,324
455,267
915.166
899, '.172

1,071,914
3,349, 440

1,648,513
3,848,053

811,974
1,349,290
1,715,804
589,703
599, 589
60,986
14,743
90,698
7,418

32.352
81,945
170,622
59, i;r

Bushels.
39, 14S. 032

320,080
1,675,596
5, 14.->.:» 18

4,787,208
3,023,976
4,291,857

320,454
3,012,070
1,365,740

553, 284

17,067,975
5.904,442

5, 326, 244
:j. 158, 152

8,194,806
32,945,976
30,699,048
34,301,248
127,278,948
67, 6£

52,688, 116

121), 98."), 749

99,350
39,129,410
51,474,120
15,3
17,987,670
2,317,468

442,290
2,448,846

178,032
872,236

1,099,968
3,031,965
5,118,660
1,84

Dollars.
11,352,929

80,020
502,679

1,698,021
1,902,755
1,421,269
2,060,091

hiit, 227
1,295,190

682, 870
221,314

5.120,392
2. H27,9!0
1,704,398
1,105,458
2,622,338
s. 236, 494

8,567,733
7,889,287

28,001,369
15,568,097
11.591,452
24, 127,292
4,871,844
8, tii is. 170

11,324,306
3, 526, 424

4, 85i ',.071

903,813
176,916

1,028,515
78,334

417,988
1.152,117
2,098,651

B66.580

Bushels.
17,225,134

105,026
452,411

1,543,655
957,442
241,918
557, 941
41,659

421,690
136, 574
55,328

3,072,236
1,789,333
1,491,348
979,120

2. 376, 494

11,531,092
11,627,638
10,976,399
44,547,632
27,751,826
85,290,440
38,095,725
7,104,772
15,651,764
19,560, 166

7,206, 171

8,813,958
834,288
66,344
832,608
21,364
174.447
483,986

1,091,507

2,098,65]
479,385

United States 26,341,380 796,177,713 198,167,975 290,937,335

Per ct.

44
33
27
30
20
8
13
13
14
10
10
18
30
28
31
29
35
38
32
35
41
48
30
35
40
38
47
49
36
15
34
12
20
44
36
41

Bushels.
1.565,921

25,606
301, 607
257,276
143, 616
30,240
42,919
9,614

30, 121
13, 657
5,533

3, 413, 595
178.933
106, 525
126, 338
409, 740

7, 907, 034
7, 037, 781

12,691,462
62, 366, 685
18,952,466
12, 645, 220
50,794,300
1,826,942
8, 608, 470

19,560,166
3,219,778
2, 158, 520

556, 192

587, 723
35, 606
43,612

384, 989
1,121,827
1,637,971

184, 379

36.5 223, 014, 086

ige, production, and value of barley, rye, buckwheat, potatoes, and hay in the
United States in t

BARLEY.

States and Terril Acreage.
Average
yield per Production.

Average
farm
price,
Deal.

Average
value per

acre.

Farm value,
Dec.l.

Maine
New Hampshire
Vermont
Massachusetts ..

Rhode Island
New York
Pennsylvania ...

Texas
Tennessee
Kentucky _

Ohio.
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri..
Kansas
Nebraska

J ryes.

LI, 988
4,620
17,384
1,695
315

168,853
8, 564
1,970
1,779
1,381
21.550
38,631
6,132
13,638

255, 685

461,996
720

187,245
30,276

Bushels.
29
25
31

30
29
24
21
18
11
21
28
24
25
29
30
25
26
18
17
26

Bushels.
347.652
115. 500
538,904
50, 850

9, 135
4, 052, 472

179,844
35, 460
19,569
29,001
603,400
927, 144
153, 300
395,502

7,670,550
8, 144, 125
12,011,896

12, 960
3. 183, 165

943, 176

Cents.
59
65
52
68
70
50
49
66
64
43
45
48
45
47
40
31

31

42
27
30

Dollcbrs,

17.11
16.25
16.12
20. 40
20. 30
12.00

10.29
11.88
7.04
9.03
12.60
11.52
11.25
13. 63
12.00
7.75
8.06
7.56
4.59

Dollars.
205, 115
75,075

280,230
34, 578
6,394

2, 026, 2:56

88, 124

23,404
12,524
12, 470

271,530
445, 029
68,985

185, 886
3, 068. 220
2, 524, 679
3,723,688

5,443
859. 455
282,953
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Acreage, production, and value of barley,.rye, buckwheat, potatoes, and hay in the
United States in 1899—Continued.

BARLEY—Continued.

States and Territories

South Dakota
North Dakota
Montana
Colorado
New Mexico
Utah
Idaho
Washington
Oregon
California

United States

Acreage.

Acres.
104, 798
246, 223
6,183

12, 069
1,109
5, 905

11. 586
40, 296
28, 497

855. 376

2,878,229

Average
yield per
acre

Bushels.
23
24
35
28
32
33
35
35
28

Production.

Average Avpra„efarm ™i®^=5.
price, K^rT
Dec.l. acl1"

Bushels.
2,410,354
5, 909, 352

216, 405
337. 932
35, 488

194, 865
405,510

1,410,360
7'.i7,910

22, 239, 776

25.5 73,381.563

Cents.
29
m
51

55
61
52
46
44
50
50

40.3

Dollars.
6.67
7. 92

17. 85
15. 40
19.52
17.16
16.10
15. 40
14.00
13.00

10.28

Farm value,
Dec. 1.

DoUars
699.

1,950,
110.

185,

21,

101,

186,

620,
398,

11,119,

(103

086
36!
863
648
330
535
558
958
888

29,594,254

RYE.

Maine
New Hampshire. ..

Vermont
Massachusetts
Connecticut
New York
New Jersey
Pennsylvania
Maryland
Virginia
North Carolina
South Carolina
Georgia
Alabama
Texas
Arkansas ..

Tennessee
West Virginia
Kentuck y
Ohio
Michigan
Indiana
Illinois .-.

Wisconsin.
Minnesota .

Iowa
Missouri
Kansas
Nebraska
South Dakota
North Dakota
Colorado
Utah
Washington
Oregon
California.

United States

Acres.
983
924

3. 173
8. 331

14, 248
227, 100
66.719

862,406
25,234
36, 719
45, 754
3. 825

15, 805
1,822
3, 766

1,732
11,892
13, 229
24. 443
39, 120
78, 358
35,741
76, 955

204, 875
61,804

112, 770
• 9, 803

140, 532
62, 319
2. 451

16, 315
2,374
3. 452
2,246
5,616

36, 472

1,659,308

Bushels.
15
15
17
16
18
16
15
15
14

14.4

Bushels.
14.745
13,860
53, 941

1133, 296
256. 464

3,633,600
1, 000, 785

3, 936, 090
353,276
330. 471
320, 27S
19, 125
94, 830
14. 576
37,660
19,052

107,028
132,290
244, 430
625, 920

1,097,012
464, 633

1,154,325
3,073.125
1,112,472
2,029.860

127, 439
1,545,852

997. 104

36, 765
244, 725
33, 236
58, 684
35. 936
61 , 776

547, 080

23.961,741

Cents.
84
81
62
79
64
56
55
51

57
53
75
109
112
104
82
74
67
62
70
55
52
48
47
48
42
40
50
42
38
37
37
48
48
60
70
70

Dollars.
12.60
12.15
10. 51
12.64
11.52
8.96
8.25
7.65
7.98
4.77
5.25
5.45
6.72
8.32
8.20
8.14
6.03
6.20
7. CO
8.80
7.28
6.24
7.05
7. 20
7. 50
7.20
6.50
4. 62
6.08
5.55
5.55
6.72
8.16
9.60
7.70
11.70

7.36

Dollars.
12,386
11,227
:«.443
105,304
164, 137

2,034.816
550, 4:i2

2,007,406
201.367
175,150
240.208
20, 846

106, 210
15.159
30, 881
14,098
71.709
82,020

171.101
344. 256
570,446
223, 024
542,533

1,475.100
467. 238
811,944
63,720

649. 258
378.900
13,603
90, 548
15,953
28. 168

21,562
43, 243

426, 722

12.214.118

BUCKWHEAT.

Maine
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Acreage, production . and value of baric//, rye, buckwheat, potatoes, and hay in the

United States in 1890—Continued.

BUCKWHEAT—Cpntimied.

States and Territories.

West Virginia
Ohio
Michigan
Indiana
Illinois

Wisconsin -

Minnesota —
Iowa
Missouri
Nebraska
Oregon

United States

Acreage.

Acres.
14,015
9,415

83,083
5. 331

4,768
30,936
11,386
12,098
2. 499

5, 10-1

240

670, 148

A verage
yield per
acre.

Bushels.
IT

16
11

16
15
15
17
16
14
16
17

16.6

Production.

Average
farm
price,
Dec.l.

Bushels.
838, 355

150,640
253.913
85,296
71,430
464,040
193. 562
193,568
34,986
81,664
4. 080

11,094,473

CV'/l/.s'.

56
58
55
59
58
63
52
58
til

62
74

55. 7

Average
value pel'

acre.

Dollars.
9. 52
9.28
6.05
9. 44
8.70
9. 45
8.84
9. 28
8. 54
9. 92
12.58

9. 23

Farm value,
Dec. 1.

Dollars
133,
87.

139,

50,

41,

292.

100,
113.

21,

50,

3,

423
371
658
:;:/:-»

429
345
053
269
341
<;.',::

019

6,183,6*5

POTATi >ES.
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Acreage, production, and value of barley, rye, buckwheat, potatoes, and hay in tlie

United States in 1S'j9—Concluded.

HAY.

States find Territories.



EXPORTS OF COTTON FROM UNITED STATES. 771

Production of tobacco in the United Statet piled from the
n ports of the Bun on of Internal Reroute and of the Bureau of Statistics of the
Treasury Departmen t.

1893. 1894. 1S95. 1896. 1897.

'

Pounds.

Tobacco manu fa
tared:

Chewing, smoking,
and snuff a ... 23:-

and ciga-
ao 39,973,814193,639,213 95,-053,056 96, 213, 4731102, 519, 32316106, 855, 524

Experts, domestic 277,258,871 304, 797, 808 293, 637, 217 300, 047, 687|281, 074, 833 346,823,677
Exports, foreign a. _ 1,611,863] 1,776,636 3,060,385 2,767,454 1,779,103! 2. 32:?. 516 1,847,637

. 1,561,9041265 58,414 6286,453,738

iportsa.
609, 878,046 646, 407, 127 641,331,490632, 430, 101 644, 938, 156822, 168, U*,
22,093,270] 24,899,17a 31,355,

0, 975, 591 012, 171, 397 032, 0S9, 413 010, 860, 250

741,980,578
17,107,839

i

ar following. b Preliminary estimates.

United States Treasury Department,
Office of the Commissioner of Internal Revenue,

Washington, D. C, March 1.}, 1000.

I have made a careful examination and study of the statement of the produc-
tion of leaf tobacco in the United States for the years 1893 to 1898, inclusive, as
compiled by the Division of Statistics, Department of Agriculture, from the
reports of oris office and the Bureau of Statistics of tins Department, and am of
the opinion that the statement is as complete and correct as is possible to be n

H. C. Jones, Chief, Tobacco Division.

consumption of American cotton by FOREIGN countries.

The comparative figures in the following table are compiled from the reports
of the Bureau of Statistics of the Treasury Department, and are for fiscal years
ended Jnne 30. They show the number of bales of cotton exported to each for-
. ign country in 1889, as compared with the years 1808 and 18t'9. As the exports
contain sea-island as well as some light-weight round bales, all bales are reduced
to the uniform weight of 500 pounds each.

Eacports of cottonfrom United States to foreign countries.

[In bales of 500 pounds.]

Counl

Year endin » Juno 30,

Bales. Value.

iding June 30,

Bales. Value.

Year ending June 30,
1899.

Bales. Value.

Austria-Hungary
Belgium
Denmark _.

France
German v
Italy....
Netherlands
Portugal
Russia
Spain
Sweden and Norway

.

United Kingdom.

.

Other Europe
Dominion of Canada..
Mexico
West Indies (French)
China
East Indies (British) .

Hongkong
Japan
All other countries . .

.

Total

.-» 610
147,807

$275, 275

7,556,687

400, 196

44. 3.34

20,174,839

6,460,413
8,188,771

144,036

8,717

9, -"47

61,143
33,803

7,506,201

420.412
146. 605. 505

475. 1X2

2,980,556
1,607,395

41

216
2.341

12. 102

35, 014
161.942
24,741
842,038

387,581
4:;. 509

103, 825
263, 648
25,613

3. 532, 101

i

24, 599, 724
54,886,245
11,468,025
1,292,788

588, 923
.1. 133, 758

8, 180. 970
744. 287

105,853,614

57.127
129,525
39. 249

S03. 406
1, 728, 975

51. 621
21.627
95, 011

248,635
23,624

3.609,444

122, 495
42, 433

17

11,302
93

1,800
224.214

3,961,586
1,321,473

653
370.07D

9,130
72,000

7,428,226

98, 230
36,130

5
4,060

9
56

182, 734

230,442,215 7,541 ,821

$1,576,175
3. 599, 471

1,078,300
21,946,691
47, 346, 679
11.652,768
1,401,040

012. 132
2. 790. 793
7,194.00!)

99, 709, 352

2, 994, 674
1,043,473

187

131, 734
308

1.71C
5,7:4.784

209, 564, 774
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Except in the cases of Belgium find Russia, the increase in exports has been very
large, in some cases the amount being more than double what it was eight or ten
years ago. The decrease in exports to Russia of 40,211 bales in 1898 as compared
with 1889, and of 49,025 in 1899, is additional evidence of the growth of cotton
culture in the trans-Caucasian provinces of that Empire, and of the effort to become
independent of the United States.
There is a decrease in the consumption of American cotton in 1899 as compared

with 1898 in all countries except Austria-Hungary, Denmark, Italy, the Nether-
lands, Portugal, and the United Kingdom. The most notable reductions are 129,549
bales in Germany, 41,480 in Japan, 38,632 in France, and 32,417 bales in Belgium.
On the other hand the countries showing an increase are as follows: United. King-
dom 77,343 bales, Italy 29,772, Austria-Hungary 21,513, Denmark 14,508, the Neth-
erlands 8,112, and Portugal 2,792 bales. But notwithstanding a net decrease of
153,708 bales last year, as compared with the year previous, 1898 and 1899 are con-
spicuous as having recorded the largest exports of cotton in the history of our com-
merce. The extremely low pi'ices in 1897-98 and 1898-99 reduced the export values
$7,333,055 in the former and $28,210,498 in the latter year, as compared with those
of 1889, although the number of bales exported in 1898 was 2,930,896 and in 1899
was 2,777,188 greater than in 1889.

THE AVORLD'S CONSUMPTION OF COTTON.

While there are no available statistics showing the annual crops of all the cotton-
producing countries, the consumption of the mills in Great Britain, the continent
of Europe, the United States, India, Japan, Canada, Mexico, and other countries
fairly approximates the world's production, the unknown quantity being the
domestic consumption in China and a few other countries in the Orient that pro-
duce comparatively small crops.
The following statistics, taken from Mr. Thomas Ellison's Annual Review of

the Cotton Trade, issued in Liverpool, November 1, 1899, show the number of bales
of cotton consumed by the mills of the world from 1890-91 to 1898-99, inclusive:

The ivorlcVs consumption of cotton, 1SD0-D1 to 1808-99.

[In bales of 500 pounds.]

Year ended Seist. 30—
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Cotton crop of 1S0S-0D.

[In commercial bales.]

States and Territories.

Alabama
Arkansas
Florida
Georgia
Indian Territory .

Kansas
Kentucky..
Louisiana
Mississippi
Missouri
North Carolina..
i Oklahoma
South Carolina. .

Tennessee
Texas
Utah
Virginia

Movement and mill purchases.

Forwarded
by rail,

etc.

079,871
940,773
35,064
232,810
215,269

::

50
879,264
302,420
33, 120

336, 407

109,479
581,788
311,321
413,245

Total 10,484,874 1,413,928

Bought
by mills.

121,128
3, 288

281,521

25, 147

18,749
21,650
3,01?

374,891

466, II

17. L56

34

44,502

Total.

11,898,802

Taken from other States
and ports.

Taken
from
other
Stall's.

22,986
24,592

L35.589

7,431

25,

160.

76,

3,

79,

10.

24,

60,

Taken
from
ports.

1,971

19,852

2,565

1,603

6, 799

44,502

076.791 32,806

Total.

24,957
24,592

135, 606
7,431

25, 447
180,266
76, 942
3,017
81,678

453
12,555
24,859
67,292

44,502

709,597

Total crop.

1,176,043
919, 469
35,064

1,878,731
207. 838

3'

50
717.747

1,247.128
33,120
629,620
109.026

1,035.414
338; 820

3,363,109
34

13. 990

11,189,205

Comparative acreage and production, 1897 and 1898.

[In commercial bales.]

sandTerri-
torii

Alabama
Arkansas

( lei irgia
Indian Ten

31 s
1\. atucky

ana
Mississippi
Missouri
North Carolina ..

Oklahoma
South Carolina...
Tennessee

3

l t ih
Virginia

Total

a Net iner<

United States crops, exports, imports, and consumption of cotton, 1888—89 to

1898-99.

Years.



774 YEARBOOK OP THE DEPARTMENT OP AGRICULTURE.

Condition of crops in the United States, monthly, 1SS5-1S99.



CORN CROP OF THE WORLD. i to

Condition of crops in the United States, monthly, 1885-1899—Continued.
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Wheat crop of the world, 1S95-1899.

Countries.



OAT CROP OF THE WORLD.

Wheat crop of the world, 1895-1899—Continued.

777

Countries.
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Oat crop of the countries named, 1S05-1S99—Continued.

Countries.



RYE CROP OF THE WORLD. 779

Barley crop of the countries named, 1895-1999—Continued.

Countries.
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Hop crop of the countries named, 1S05-1S99.

[In bales of 180 pounds.]

Countries.
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Sugar crop of the countries named, 1895-1S96 to 1S90-1900.

[Tons of 2,240 pounds.]

Countries. 1895 1896. 1896-1897. 1897-1898. 1898-1899. 1899-1900.

CANE SUGAR.

United States:
Louisiana
Puerto Rico

Cuba, crop
British West Indies:

Trinidad, exports
Barbadoes, exports
Jamaica
Antigua and St. Kitts

French West Indies:
Martinique, exports
Guadeloupe

Danish West Indies:
St. Croix

Haiti and San Doming' >

Less r Antilles (not named above)..
Mexico, exports
Central America:

Guatemala, crop
Ban Salvador, crop
Nicaragua,crop
( osta Rica, crop -

South America:
BritishGuiana 1 1 emerara), exports
Dutch Guiana (Surinam), crop -

Peru, exports
Argentine Republic, crop
Brazil, crop

Total iu America.

Asia: a
British India, exports
Slam, crop
Ja a, exports
Philippine Islands, exports.

Total in Asia

Australia and Polynesia:
Queensland
New South W.i
Hawaiian Islands
Fiji Islands, exports

Total Australia and Polynesia

Africa:
Eg3 pt, crop
Mauritius—
Reunion

Total in Africa

237,720
50,000

58,000
47,800
30,000
24,000

35 000
45,000

8,000
50.000

2,000

7,000
2. (Kill

500
200

105,000
6,000

68,000
130,000
225,000

1,379,220

282,009

219,500

53, 000
52, 178

29,000

45,000

13,058
48,800
8,000
2,000

8,000
3,000

51 i I

200

99,789
...in i)

7 1 . 735
165,000
175,903

1,405,672

80,000
7,000

830,000

60,000
32,000
201.632
30, COO

323,632

92,000
140 000
44,700

276.700

Europe:
Spain 8.000

Total eane-sus:ar production.
(Willett «t Gray). i

BEET SUGAR.

Europe beet-sugar production (Licht I

:

Germany
Austria
France - —
Russia
Belgium.
Holland
Other countries

1,615,111
791,405
667,853
712.096
235, 795

156, 340

7,000

1(11. 77-1

31,000
224,218

152,677

45,082

S.000

:

934,007
752,081
728, 667

288,009
174. 206
202,990

310,447
54,000

314, 009

53,000
47.835
30,000
25,000

35,000
45,000

13,000
48,000
8,000
2,000

9,000
4,000
1,500
500

106,760

105,463
110.(100

200,478

245, 51

1

53,825

5'!. 436
40,876
27,000
22,000

34,000
40. t 100

12,000
50,000
8,000
8,000

11,000
4,500
3,750

750

81,533

110.(1110

72,000
151,495

132,000
50,000

395,000

45,000
44.(«m

27,000
IS. I li ill

35,000
30,000

12,000
;-,:,. ooy

8.H00
2,000

12,000
5,000
4,000
I, GOO

80,000
6,000

100,000
90 i 00
175.000

1 . 52S. 992 1,374,939 1,326,000

20 um
7,000

531.201
178,000

10 000
7.000

70,000

10,000
7,000

72:.', coo
-lo.(ioo

779,000

97,916
26,000

204,833
30,000

358,749

252,500
34. (UK)

122,500
15,000

275,000
30,000

478,240

80,178
121,693
31.483

186, 187

2^;.:i54

8,000

315,090

155,000

284,000

8,000

2,958,550 2.839,500

1,852,857
i

821,235
738,715
265,397
125,658
196,245

1,721,718
1,051,290

776,066
244,017
149. 763
209, 115

1,790,000
1, 120,000

970 000
900,000
300,000
180,000
275,000

Total in Europe 4,285,429 4,916,490 4,831.774 4,982,101 5,535,000

o Japan, consumption 250,000 tons, mostly imported. China, consumption large, mostly imported.
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Sugar crop of the countries named, 1895-1896 to 1899-1900—Continued.

Countries.
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Average yield per acre of the principalfarm crops, 1890-1899.

[From Division of Statistics.]

CORN.

and Territories. 1890. 1891. 1892. 1893. 1894. L895. 1896. 1S97. 1893 1S99.

Maine
New Hampshire .-_

<>nt

husetts
Rhode Island

ticut
New York
New Jersey
Penney] \-aiiia

Delaware
Maryland
Virginia
North Carolina
South Carolina
Georgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas

see
West Virginia
Kentucky
Ohio
Michigan
Indiana
Illinois

Wisconsin
Minnesota
Iowa

i ri

-

Nebraska - -

Sootfa Dakota
North Dakota
Montana
Wy< iming
Colorado
New Mexico..

Dgton
u

California
Oklahoma

36.

2

36. 5

;;.-). 7

26.

6

27. :>

22.

5

L3.8
L0.2
10.6
9.8
10.2

l.i

15.5

18.8

24.7

30.0
27. 7

26.

5

15.6

|l3.0

18.2
20 ii

21.0

21.6
27.

5

35.8
37.2
39.5
34.6
36.

31.8
34.2
33.

3

25. .">

19.7
14.1

11.6
\-> •>

u!o
12.7
15.X'

17.3
19.5
21.2
22.

7

27.3
30,0
32

26. 5

36.7
89. 9

1 18.

21.5
I-.-'!

19.0

27.0
34. •".

Bush.
35.5
37.8
38.0
38.7
33.4
34.5
33.0
31.6

18.7
20.6
15.8

10.8
10.5
11.3
9.0

12.

2

13.7
14.8
21.4
17.5

22.

5

23.3

29 3

26.
-'

27.3
27.0
28.3

24 6

19.

4

80.0
L8.0
ISO
21.5
30.3

Bush.
30.3
31.7
32. 4

33.5
24.4
28.2
29.

5

2.5.

9

24. 5
;:•!. ti

24.2
18.9
12.3
7.7

11.1

9.7
11.6
13.1

14. a
17.6
16.2
21.3
21.7

23.

8

24. 7

26.7
29.

8

23 '.'

21.3

20.7
27.5
18.6
16.5

21.5
21.3

31.7

Bush.
38.

9

34.3
40.8
34 .">

31.4
31.0

33.

1

32.0
22.0
22.

9

19.1
13.4

11.2
11.7

10.1
13.7

17.2
16.2
19.0
19.2
21.9
is.:,

23.0

53.

2

28.9

80.7
18.4
15.0

11.2
6.0
4.2
19.2

30.0
19.7

L9.

1

24.4

19.3

Bush.
42.

40. 2
45.6
43.9
30.9
37.9
35. 6

33.0
33.5
21.0
26.8
18.6
14.5
11.1
13.0
11.2
15.9
16 8

18.8
86.

4

85.

31.2
38.6
83.

8

32.8
37. t

31.2
35.

1

'.'1.3

16.

1

11.1

21.8
85.0

80. 7

27.2

17 !

34. 5

37.0
42
41.0
43.0
34.0
38.0
34.

33.

40.0
22.0
32.

21.5
12.0
9.0
11.0
10.0
12.5
13.5
13.0
9.5
13.5

23.

30.0
28.0
41.0
38.0
35.0
40.5
37.0
30.5

27.0

37.

5

26.0
35.0
26.0

16.0
L6.0
85.0
14.0

37.0

Bush.
37.0
34.0
35.0

31.0
31.5
31.0
31.5
36.0
29.0
33.0
18.0
13.0
9.0
11.0
8.0
12.0
14.

5

17.0
18.5
16.

21.0
24.5
23.0

31.5
30.0
32.6
33.

26.0
29.0
26.0
18.0
30.0
24.

17.0
IS. II

12.0
19.0

27.0
28.0
18.0
85.0
31.5

Bush.
40.0
41.0
43.0
40.0
34.0
37.0
33.

37.0
37.0
25.0
31.0

14.0
10.0
9.0
9.0
15.0
18.0
18.0
25.0
20.0
26.0
29.0
31.0
37.0
34.0
36.0
30.0
35.0
32.0
85.0
26.0
16.0
21.0

19.0
28.0
16.0
18.0
21.0
21.0
12.0
21.0
26.0

Bush,
36.0

36.0
36.0
31.0
39.0
31.0
39.0
32.0
22.0
32. C
20.0
13.0
9.0
10.0
10.0
12.0
16.0
18.0
18.0
20.0
80
26.0
21.0

85.0
38.0
36.0
35.

31

26.

27. C
28. C
20.0
23. C
23. C
22.

17.0
20.

'

20.0
ao
22.

27.0
19.0

20.70 87.03 23. 00 19.38 28. 19 23. 70 24. 70 25.31

WHEAT.

Maine
Hampshire .

•nt

Connecticut
New York
New Jersey _

Pennsylvania . .

Delaware
Maryland
Virginia
North Carolina .

South Carolina .

Georgia
Alal*ania
Mississippi
Texas.
Arkansas
Tennessee
West Virginia .

.

Kentucky
Ohio.__/.
Michigan
Indiana
Illinois
Wisconsin

Gush.
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^Average yield per acre of the principal farm crops, 1S90-1S99—Continued.

WHEAT—Continued.

States and Territories.

Minnesota
Iowa..
Missouri
Kansas .

Nebraska
South Dakota.
North Dakota.
Montana
Wyoming
Colorado
New Mexico...
Arizona
Utah...
Nevada
Idaho
Washington...
Oregon
California
Oklahoma

General average _ 11.06

1890.

Rush.
12.2
11.8
11.0
13. 7

10.

8

[
9. G

17.0

18.5
12.2
12.

17.5
13.5
1G.5
18.5
14.5
12.0

1891.

Bush.
17.6
15.3
13.6
15. 5

15.

(15.2

\17.8
20.0
20.0
2(1.2

11.5
14.5
17.5
18.3
20.0
17.5
19.0
13.0

15.33

1892.

Bush.
11.6
11.5
12.5
17.4
12.5
12.5
12.2
21.5
17.5
19.1
13.8
15.6
17.3
19.2
22.

17.2
15.7
13.0

1893.

Bush.
9.6
11.5
9.5
8.4
8.7
8.5
9.6
21.5
18.7
13.2
16.8
17.5
13.8
14.7
19.3
20.3
17.

5

13.3

13.38 11.44

1894.

Bush.
13.5
14.8
15.3
10.4
7.0
6.6
11.8
24.8
19.6
17.9
18.0
17.0
22.0
20.0
20.

6

16.6
17.7
11.3
11.3

13. 19

1895.

Bush.
23.

19.5
12.0
7.7
12.0
12.0
21.0
23.

9

26.0
23.5
20.4
20.5
22.4
21.7
17.8
15.5
20.0
13.0
11.4

13. 72

1896.

Bush.
14.2
16.

11.7
10.6
14.0
11.2
11.8
26.5
24.5
17.5
21.0
23.0
26.5
30.0
24.5
18.0
17.0
14.6
13.0

12.35

1897. ! 1899.

Bush.
13.0
13.0
9.0
15.5
14.5
8.0
10.3
32.5
25.0
24.0
24.0
18.0
21.0
24.3
22.0
23.5
17.0
10.0
19.

13.43

Bush.
15. 8

16.7
9.8
14.2
16.4
12.4
14.4
29.5
23.7
26.3
23.

8

31.7
28.

29.0
31.0
24.2
20.5
9.1
14.9

15. 33

1899.

Bush.
13.4

13.0
9.9
9.8
10.3
10.7
12.8
25.7
18.8
23.7
13.8
15.3
20.7
18.0
24.2
23.

7

19.2
14.1
13.3

12.27

OATS.

Maine
New Hampshire
Vermont
Massachusetts ..

Rhode Island
Connecticu t

ISJew York.
New Jersey
Pennsylvania
Delaware.
Maryland
Virginia
North Carolina .

South Carolina.

.

Georgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia ..

Kentucky
Ohio
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska.
South Dakota
North Dakota
Montana
Wyoming r . .

Colorado
New Mexico
Utah

Washington
Oregon
California

,

General average

Bush.
28.

3

27.5
26. 2
25. 7

23.

4

20.0
17.8
17.3
17.2
13.0
12.0
9.8
9.2
10.6
9.7
10.7
12.0
13.2
13.2
17.3
13.5
9.5
10.6
8.5
18.0
26.6
17.5
21.0
26.

25.

6

25. s

17.4
24.0
21.3

;,,„

31.0

24. 8
24.0
27.

5

3(1.0

33.5
30.0
27. 5

19.81

Bush.
34.6
35.0
37.5
33.

33.5
30.0
31.5
28.0
27.

2

20.3
19.0
10.7
9.5
10.6
11.7
11.4
12.8
11.5
12.3
24.

5

16.5
9.7
17.3
18.5
31.3
;;:.'. 5

23.

5

36.2
33.3
36.5
36.

7

23.8
30.0
35. 5
(32. 3
[33.

5

38.5

32.

6

22.0
32.5
a>.o
38.0
31.5
28.5

28. 86

Bush.
32.2
34.

35.

5

30.4
29.4
25.3
28.0
25.7
25.

2

19.3
19.0
11.2
9.7
10.5
10.7
9.8
10.2
10.6
12.2
24.5
15.7
13.5
17.5
18.3
26.3
28.7
26.5
26.3
30.2
27.3
25.4
20.

28.5
26.

7

26. 3
26.

5

28.8
28.6
28.7
20.

3

26.

5

29.0
34.5
20.5
29.3

24. 43

Bush.
36.3
34.2
36. 4

34.3
28.2
25.0
24.0
23.9
26.8
25.4
21.2
17.5
14.1
11.8
13.3
11.8
14.2
15.5
16.0
25.1
19.3
18.4
23.5
22 2
2&6
26.0
27.5
27.2
27.6
24.8
21.8
53.

4

18.

5

15.

21.5
21.9
31.0
24.

26. 7

29. 2
27.9
33. 1

39. 7

28. 5

25.5

23. 12

Bush.
33. 5
31.1
32.

9

31.9
30.0
25.8
22.1
28.4
22.3
19.0
21.4
12.0
10.9
12.0
13.4
11.8
13.2
13.0
22.3
32.7
18.5
14,6
18.5
21.0
80.3
26.1
32.3
36.1
32.9
28.1
25.6
23.3
17.9
12.6
7.6

25.9
40.1
30.4
13.5
35.0
33.

38.5
86.

5

26. 7

35.6

24.50

Bush.
40.1
36.9
43.

8

36.0
32,4
31.9
31.7
35.

5

31.7
19.1
21 i. 2
17.7
15.

1

15.

2

14.5
10.2
14.9
15.7
15.0
20.7
25. 4

22.

5

23. 4

26. 2
31.7
23.9
22.9
24.4
33.8
39.

9

46.2
27.7
17.9
23.

8

25.3
32.1
35.8
41.0
34.3
39.9
33.8
35.2
40.8
2.8. 8

28.1

29. 57

Bush.
40.

38.0
40.5
36.0
30.0
29.0
33.

31.

31.0
29.0
24.0
18.5
12.0
11.0
12.0
12.0
14.0
13.

10.0
20.0
16.0
16. 5

24.

21.0
31.0
30.0
29.0
28.0
33.4
33.0
27 5

18.0
13.

19.0
27. 5
22.

47.0
32.0
28.0
27.0
38.

42.

36.0
21.0
31.0

25. 66

Bush.
31.0
35.

33.

32.

32.0
29.0
81.0
25.

28.2
22.0
24.0
12.0
13.0
15.5
14.0
9.0

13.0
14.0
18.0
25.

17.0
10.0
20.0
18.0
32.0
20.0
30.2
32.

34.0
26.

30.

22.0
24.

31.0
22.0
23.

42.0
35.

34.0
35.

5

...Vii

36.3
48.0
32.

18.0

27.10

Bush.
36.0
33.

38.0
32.0
27.0
28.2
27.5
19.6
23.3
22.

19.

5

16.1
14.3
17.2
16.6
15.4
16.8
18.5
18.1
29.7
22. 8
18.7
19. 5
22 4
30! 9
a;. 8
29.2
29.0
36.

1

36.

3

34.0
17.0
18.0
32.

1

26.8
30.7
40.6
31.2
a>.8
38.8
39.7
43. 6
41.9
27.0
33.0

28. a->

Busli.
35.0
35.0
37.0
33.0
26.0
28.0
31.0
24.0
33.

20.0
23.0
14.0
12.0
12.0
9.0
9.0
10.0
10.0
18.0
25.0
19.0
14.0
23.0
18.0
36.0
31.0
32.0
38.0
30.0
32.

33.0
25.
."9.0

30.0
26.0
30.0
38.0
30.0
27.

24.0
34.0
34.0
37.0
30.0
31.0

30.23
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Average yield per acre of tin' principal farm crops, 1890-1899—Continued.

BARLEY.

States and Territories.

Maine
New Hampshire.
Vermont

i husetts .. .

Rhode Island
New York
Pennsylvania
Texas.
Tennessee
Kentucky
Ohio....
Michigan.
Indiana
Illinois
W isconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska
South Dakota....
North Daki
Mi mtana
( lolorado
New Mexico .

Utah _

[daho _

agton
( tregon ...

California

< leneral average..

1890.

Bush.
20.0
20.0

22.0
21.7
ie.7

15.0

19.0
19.5
22.

3

16.5
20.3
.»> j>

22i5
22 6
£0.0

17.3

L9. 5

24.0
24. 5
20.0
23.

2

25.0
25
22.3

21.00

1891.

Bush.
26. 5
a;. 3
27.8
26. 7

MS. (I

23.3
22.

5

15.

2

12.7
24.5
25.

7

24.5
23.

5

26.0
26.

5

27.3

-.; 2

f28.5
130.0
30.0
26.5
22.0
... i

31.5
24.0
23. ',

1892.

Bush.
22.

3

23. 5
20.

22.

5

21.5
22. 2
21.7
10.5
19. 5

22. :i

23. 5

23. 4

28.0
17.9
25.

5

24.9
21.1
29.

1

25.0
22 2
23! 3
24.3
32.

5

24.0
19.6
20.3
26.0
25.

3

23.3
24. o

23.70

1893.

Bush.
26.1
25.3
27. 5

25.

3

25.

2

20.

3

19.0
14.5
15.1
17.0
22.7
10.4
19.9
33 o

24^0
22.1
22.0
2(1.0

8.1
12.0
15.4
15.2
30.1
2S. 3
21.6
37.6
30.0
40.1
26.

1

22.5

1894.

Bush.
26.

1

24.4
27.9
21.7
30.0
17.5
16.6
15. 3

13.8
28.7
28. 5

20.6
20.7
23.

5

28.

6

23.

5

15.

5

14 .0

8.8
5.7
14.7
20.1
22.

5

27.8
27.0
33.0
32.6
33. 7

38.6
15.2

21.70 19.37

1895.

Bush.
32. 4

25.

6

33.2
22.5
23. 5
22.

9

20.2
21.0
23.

1

33. 3
28.2
18.1

15.0
20.0
29.

3

30.0
28.0
15.3
14.4
28.4
19.5

30.4
25.0
31.3
2S.0

30.0
24.5
37.

3

22.

1

20.3

26.39

1896.

Bush.
30.6
29.3
33.0
30.0
29.0
23. 2
17.2
12.0
14.0
14.8
20.2
22.3
20. 3

23.7
27.4
27.2
26.

3

17.5
4.6
19.9
28. 5

it;, l

25.0
20.0
L9.0
27.1

15.3
20.0

21.8
21.0

23.62

3897. 1898.

Bush.
25.0
22.5
28.

5

34.5
28.0
25.

24.

5

25.

18.0
20.

28. 5
21.5
19.0
25.0
28.

25. 5

24.0
19.0
17.5

22.0
20.0
22.5
38. o

28.0
V. 5
31.0
35.0
45.0
32. 5
23.

1899.

Bush.
27.0
23.5
30.0
24.

5

28.0
*"> 2
19^4
20.0
18.0
10.

28. 7

25. 2
23. 4

27.3
29.1
28.

4

20.0
20.0
28.0
27.1
23.

26. 4
30.0
30.5
33. s

37.

35.

39. 8

29. 1

10.5

24.52 21.00

Bush.
29.0
25.0
31.0
30.

29.0
24.0
21.(1

18.0

11.0
21.(1

28.0
24.0
25.0
£9 ii

30.0
25.

20.

18.0
17.0
20.

2::. ii

24.0
35.0
28.0
32.0
33.0
a5.o
35.0
28.0
26.0

25.50

RYE.

Maine
]S"i w Hampshire
Vermont
Massachusetts ..

Connecticut
New York
NewJersey
1'. unsylvania
Maryland
Virginia
North ( 'arolina .

.

South Carolina...
Georgia
Alabama
Texas.
Arkansas
Tennessee
West Virginia ...

Kentucky
Ohio
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska
South Dakota
North Dakota
Colorado
Utah _-

Washington
Oregon
California

General average

.

1 A 99-

Bush
11.8
12 5

12.9

13.5
12.2
12. 3
11 :;

12.2
10.3
0.

5.7

5.4
4.9
7.2
5. 5

0. 5
0.3
9. 5

9 :.

11.7
13.4
13.7
12.7
12.

5

14.0
13.7
12.7
13.0
13.

2

•11.7

14. 5
13.5
14.2
14.3
14.0

11.80

Bush.
10.0
10.2

10. 1

15.3
14.3
15. II

14.3
14.8
12.2

8.2
7.0
6.0
7.0
7.5
11.2
9. 3
8.7
10.5
10.3
15.5

15.

17.2
17 5

14.6
17.2
17.0
•;; 5

14.3
15. 7

115.3

117.5
20.6
10. 8

14.3
13.8
10.5

14.40

Bush.
13 .5

14.0
14.3
15.2

14.3
i:.v ;

13.5
12

11.3
8.8
6.5
o.o
i,

0.5
11.2
8.2
8.7
9.5
11.3
12.

13. 7

12.5
12.3

13.7
17.1
13. 2
12.5
15.

14.5
12.

5

11.8
14.0
13.2
17.0
12.0
11.5

12.70

Bush.
12.0
15 1

14.0
10.2
15.9
119
13.4
14.7

13.1

9.3
7.7
5.4
0.4
9.8
9.3
7.5
9.5
8.2

13.

2

15.2
12.8
14.4
13.9
14.5
15.3
14.6
12.8
7.0
10.1
10

12.3
21.0
11.9
15.1
10.

5

17.5

13.03

Bush.
10.5
15.4
13. 1

19.2
12.9
15. 4

14.8
13.9
13.5

8.8
9.0
4.7
6.5
13.3
11.3
9.0
7.6
8.0
12.2
18.3
13.

2

19.3
18.6
10.0
17.5
10.9
15.4
5.8
6.1
4.5
15.0
15.0
19.0
14.4
14.1
13.2

13.74

Bush.
19.2
10.0
lti.O

19 9

16.9
18.1
13.0

15.1
12.9
11.0
7.7
9.3
7.2

10.2
5. 5
10.0
7.2

10.

1

13.2
14.8
13.0
12.2
15.2
16.1
21.1
20.6
12.2
5.9
9.3
8.4
21.3
14.5
19.8
20. 7

11.2
11.0

14.40

Bush.
18.0
19

18.0
22.

15. 4
14.:;

13.8

16.0
9.2
10.0
7.5
4.8
7.1
8.0
7.0

10.

9.0
10.6
11.0
9.6
9.2
10.0
15.3
14.5
15.

6

17.5
12. 2

7.0
16.9
11.6
12.0
23.5
20.0
15.

12.7
14.3

13.31

Bush.
13.5
18.0
10.0
19.5
19.0
18. 5
17.0
19.0
17.0
11.0

8.8
0.

7.4
9.0
12.0
11.0
10.0
11.5
13.0
18.0

15.0
13.0
15.5
16.0
17.2
10.0
12.0
14.0
17.0
16.5
14.5
15.0
12.0
19.5
15.0
12 2

10. 00

Bush.
18.0
17.5
19.1

10.7

18.0
17.5
15.5
10.

1

14.5
11.2
9.1
8.5
8.0
11.1
12.0
11.4
10.5
11.2
13.0
17.4
15.3
15.

5

14.8
15.

3

20. 5
19.0
13.1

15.6
18.8
10.0
15.0
18.

19.5
18.0
14.4
9.0

15.01

Busli.
15.0
15.

17.0
16.0
18.0
10.0
15.0
15.(1

14.0
9.0
7.0
5.0
6.0
8.0
10.0
n.o
9.0
10.0
10.0
10.0
14.0
13.0
15.

15.0
18.0
18.0
13.(1

11.0
10.0
15.0
15.0
14.0
17.0
16.0
11.0
15.0

14.44

-50
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Average yield per acre of the principal farm crops, 1390-1899—Continued.

BUCKWHEAT.

States and Territories.

Maine
New Hampshire .

Vermont
Massachusetts
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina

—

Tennessee
West Virginia—
Ohio...-
Michigan
Indiana.
Illinois
Wisconsin.
Minnesota
Iowa
Missouri
Nebraska
Oregon - -.

General average.

1890.

Bush,
20. o
18.0
20.0
17.5
14.7
15.5
14.0
13.

5

12.0
9.5
11.0
10.0
12.0
12.0
10.5
15.0
14.5
14.3
12.8
14.3
13.2
12.

18.0

14.50

1891.

Bush.
22.

21.5
23.5
16.5
16.0
17.5
14.2
13.6

12.

5

12.5
11.5

13.

5

15.5
14.2
13.2
14.0
9. 5

12. 5
13.

5

12.5
12.

1802. 1893.

Bush.
19.0
17.5
20.0
11.5
12.0
14.7
12.5
14.5

15. 30

12.5
8.3
7.2
7.5
16.3
12.6
13.0
11.5
11.3
13.5
13.8
10.7
11.3
8.2
11.2

14.10

Bush.
29.0
23.2
29. 3
27. 5
15.8
14.4
14.4
14.1
20.0
11.8
13.3
11.5
12.6
11.5
12.0
13. 9
6.9
11.6
15.8
15.2
13.2
12.7
14

20.0

7 I

1895. IMilv

Bush.
42.3
27.2
31.4
18.3
14.2
18.8
20.7
17.3
20.0
22.7
18.0
20.0
24.0
19.5
18.8
15.3
24.0
13.8
13.5
10.6
Hi. 2
21.8
21.3
21.0

14.86 16.05 20.10
|
18. 66

1897

Bush.
35.0
27.0
24.0
19.0
17.0
22.0
10.0
21.0
19.0
19.0
14.0
11.0
1S.0
19.0
18.0
17.0
14.0
13.0
18.0
17.0
17.0
15.0
14.0
18.

20.89

!;-.'.«.

Bush.
26.5
20.0
21.4
20.0
19.0
16.8
21.0
17.2
16.5
12.2
17.3
19.5
18.0
20.5
20.0
14.2
18.4
14.0
15.5
15.0
16.0
15.8
12.8
14.0

17.28

POTATOES.

Maine
New Hampshire
Vermont
Massachusetts ..

Rhode Island
Connecticut
New York.
New Jersey
Pennsylvania ...

Delaware
Maryland
Virginia
North Carolina .

South Carolina.

.

Georgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia ..

Kentucky
Ohio.
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri.
Kansas
Nebraska
South Dakota...
North Dakota. ..

Montana
Wyoming
( lolorado
New Mexico
Utah
Nevada
Idaho
Washington
Oregon
California

General average.

Bush.
95
90

95
87
90
SO
62
76
68
70
70
68
73
03

45

115
100

95

Bush.
125
111)

120
120
120
92
87
98
84
76
78
76
75
69
74
74
67
DO
73
69
75
70
88
78
98
96
93
92
98
100
99
96

97
91
ia5
120
100
115
85

ior,

98
115

125
no
95

. 50 93. 90

Bush.
82
80
54
83
95
82
63
71

60
42
60
58
55
70
70
65
65
67
65
61
68
67
60
58
60
62
56
52
65
70
51

51

47
48
64
75
100
1110

99
35
59
100
98
100

70

62.00

Bush.
120
119
111
119
108

87
70
73
76
50
49
74
97
83
74
87
83
81

67
53
88
68
80
68
58
75
51

53
77
68
58
78
44
44
54
G9
138
134
94
70
88
132
153
120
127
96

70. 26

Bush.
147

120
124
105
133
79
77
60
64
50
52
69
62
59
52
90
43
72
45
80
82
55
52
54
63
62
59
50
45
39
43
69
41

22
23
84
111
150
85
75
135
161

178

125
112

Bush.
103
134
154
133
138
128
122
9*
111
58
87
73
79
90
58
55
70
58
89
89
70
64
69
86
63

101

66
77

107
158
106
109
72
67
86

128
53
100

95
80
172
150
105
149
64

62.38 100.59 91. 14 64.71

Bush.
130

SO
105
97
123
100
73
75
54
49
58

67
65
54
C4
74
74
78
78
74
52
62
64
61

79
71

70
98
8.')

80
66
70
65

104

120

58
136
155
120
108

86
95

75. 19



AVERAGE YIELD PER ACRE OF PRINCIPAL CROPS. 787

Average yield pi r acre of the pi inoipal farm crops, 1890-1899—Continued.

HAY.

. and Territories. 1890. 1891. 1892. 1893. 1894. 1S95. 1896. L899

Maine 1.00
New Hampshire 1.05
Vermont
Massachusetts l.oo

Rhode Island
Connecticut 1.20
New York 1.25

I. SO
Pennsylvania 1.23

Delaware
Maryland - - 1.25

Virginia 1.25

North t Carolina .

South Carolina.. L.37

Georgia i ,35

Florida. 1.28
Alabama 1.25

ssippi ! 30
ina :

: I

'

1 iai

Arkansas - 1. 10
Tennessee 1.15

West Y irginia .
! r>

, 1
2">

Ohio
jan

1.30
Illinois

Wisconsin
Minnesota 1.35
Iowa 1.20

Missouri
:

.80
Nebraska .85

South Dakota 1 >•.-

i

Montana
Wyoming
( lolorado
New .V. . . o
Arizona

i 1 SO
Idaho

ington

California
I 50

I. W

1.20

ions.
0.95

.60
. 10

. 85
h»

10

.05

. K>

10

r:

.13

. 10

.15

.17

1.18

Tons.
0.90
.90
. 95

1.10
.90
t.00
HO
1.(17

1.10
l.oo

.98

.

'.'->

t.20
1.20
1.35

1.30

1.06
1.15

1. 10
LOO
1.15
I. 15
I Ml

1.3)
1 25
L20

1.15
1. 10
1.20

1.25

I. 10

I. to

1.45

t.50

1.18

Tons.
0.92
1.06
1.11
1.1.-)

. 83

.99
1 . 24

1.03
. 75

1.04
1.11

1. TO
1

. 57

1 . 32
2. 00
1 52
1 . 65
1.62
1.04
i. r.

1.39

t.10

1.33
1.33
1 . 46
I 36

1.21
i

:.:.'

1.68
I 58

1.24
1.33

1
. 25

1.42
1.29
1 . 26
1.35
1.19
2.08

1.72

2.66
:.'. r>

l 58

t.69

1.33

Tuns.
0.95

. '.*;,

1.20
1.26

. 75

. 87

1.17
1.16
1.18
1.30
1.03

7->

L45
1.53
1. 16

1.23
2. 68
L84
1.96
1.33

1.18
1.02
1.26
1.27
1.20
1.27
1.14
i :;i

l 02
.73
. 86
.77
.
V.i

.'M
1. 19

L.20
1 60

L88

4. 04

2. 53
2.05
2.00
1.93

Tons.
1.02

. 95
1.07
1.11
.ill

.S5

.;

;

1.H
1.01
1.23
1.25
1.13
1.63

1.00
1.60

1.53
1.56
1.95
2.02
1.48

1.20
1.38
.71

1.35
.58
58

.61

.66

.83
1.30
1.08
1.17

1.24
.99

.79
1. t2

.94

t.oa

2.61

3.01

1 . 85

1.66

Tons.
1.00

. 96
1.25
1.28
1. 10
1.07
.81

1.15
1.06
l.io
.87

1.08
1.26
1.33
1.38
1.40
1.40
i. 35
1.90
LOO

I. to

1.22
1.20
1.26
1.16
1.30
1.38
1.25
1.69
t.74

1. 43
1. 12

1.66
1.28
1.65
1.38

2.20
3. oo

3. 20
2 70
2. 55
2. 60
I.!):",

1.98
1.65

Tons.
1.10
1.15
1.30
1.40
1.15
1.20
1.35
1.75
1.40
1. 35
1.35
1.08
1.25
1. 00
1.35
1.00
1.45
1.48
1.90
1.40
1.30
1.45
1 . 35
1.17
1.44

1.49
1.43
1 . 29
1.35
1.57
1.50
1.15
1.30
1.60
1.25
1.60
1.50
1 . 65

3. 50
3.00
2. 95

2. 30
2. 25
1.90
1.60

1.11 1.06 1.37 1.43

Tons.
1.20

1.25
1.45
1.42
1.18
1.31
1.40
1.42
1.45
1.38
1.20
1.32
1.70
1.60
1.75
1.60
t.90
1.90
2. 10
1. 50
1.54
1.50
1.54
1.45
1.39
1.36
1.4.5

1

.

56
1.50
1.80
1.75
1.60
1.46
1.60
1.38

1.50
1.45
1 96
2 20
3. 75
3. 50
i 25
2. (Ml

1.75
1.00
1.60

1 . 55

0. 90
.89

1.14
1.13
.89
.94

1.04

1 . 20
1.04
1.13
1.10
1.50
1.22
1.45
1 . 40
1.66
! !1

1.95
1.43
1.48
1.31
1.29
1 . 29
1.30
! 22

1.34
1.29
1.47
1 . 70
1.34

1.37
1 . 57
1,66
1.43
1

. 58
! 12

1. 17

2. W
1.70

1.87
3.50
a 02
1.97
1.03

1.35

TON.
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Average value per acre of principal farm crops. 1890-1899

CORN.

[From Division of Statistics.]

States and Territories.



AVERAGE VALUE PER ACRE OF PRINCIPAL CROPS. 789

re ofprincipal farm, crops, 1890-1899—Continued.

WHEAT—Continued.

States and Territories. IS 1891. 1892. 1893. 1894. 1893. 1890. 1897. 1898.

Missouri
Kansas

-::a

South Dakota

.

North Dakota.
Montana
Wyoming

io
New Mexico...
Arizona
Utah
Nevada
Idaho
Washington. ..

D
California
Oklahoma

89. 13
10.55
8.2]

13.60

14. 99
11.59
10.80

i

11. til

12.87
14. 00
10.88
9 12

I

11.31
10.95
110.94

1 12 46

16.40
14. 75
9. 43
10.88
13.13
15 92
16.80
13. 12

16.72
12. 35

9.05
6. 85
o. 38
6. 34
14.84
11.55
11.08

11.04
12. 17

10.73
14.40
13.20
9. 98
10.05

3.53
3.48
3.74
4.13

12. 90
12. 15

6. 86
12.00
11.36

10.73
11.58
9.74
9.63
7.05

5 6. 10

$0.58
4.58
3.43
3.04
5.07

13. 39
12. 35
11.04
15. 84
17.00
11.66
15.00

9 48

0.47
7. 01

6. -u

5. 76

0.48

$6. 12
3.47
4.80
4.56
7.98

17.45
10.04
13. 16
14.89
13. 33

10.63
8.33
6.35
9.40
7.80
5. 47

$8.19
0. 68
8.12
6.94
7.55

17. 49
15. 19
10. 67
13. 86
18.40
18.02
20.70
15.93
13.32
12. 24

12.12

- ;•: in. m-» 8

87. 65
11.47
10. 00
5. 52
~.02

22. 10
17. 50
10.80
18.00
13.32
14 28
21.87
15.40
15. 98
12. 24

14.44

s". 7-

7.10
7.71

6. 80
7.34
17.11
16. 35
14. 73
14. 76
29. 16
15. 12
27. 55
15.81
13. 07
12. 71

0. 55
7. 75

< >ATS.

New Hampshire
Vermont
MassachoG
Rhode Island
Connecticut
New York
New Jersey.
Pennsylvania
Delaware
Maryland
Virginia
North Carolina .

South Carolina..
ria

Florida
Alaiiama ...^

ssippi
Louisiana
Texas
Arkansas ,

Tennessee
W< 3t Virginia...
Kentucky
Ohio
Michigan
Indiana
Illinois
Wis i main
Minnesota
Iowa
Missouri
Kansas
Nebraska
3

North Dakota
Montana
Wyoming
Colorado"
New Mexico
Ltah
Idaho
Washington
Oresron
California

18.29

15. 57

16 m

15.51

15. 74

13.50
11.97

U.20
10.06
7. 92
7.22
4. 39
I

-
6. 47

7.02
7.(7

6. 67
6 4o

11.52
6. 83

•

6.92
6.84
10.33
10.40
7. 52
10.14

9.32

9. 54
0.90
8.10
8. 16

8.08
8 71

18.48

General average. 8.40

12.39
12.10
13.65
17.50
15. 58
12.92
17.10

9.08

sit. 49
14.90
15.26
14.59
14.46
1 1 . 38

L0 98
10.54
10.08
7.:SJ

7.22
4 :;;

5. 40
5. .Mi

5.39
5. 20
5.30
6. lo

9.31

5 13
7.1-
6.77
9.20
10.05
9.01
8. 15

8.76
7.04
G 60
6.00
7.41
6. 14

6.05
7. 42
11.52
10.87
9.76
11.37
10.60
10.73

12.07
9. 81

11.72

14.71

15 89
14.41
12. 13
10.00

7.20

:> :;-

9. 65
7.42
6.13
6.20

6. 92
6. 49
7.24
7. 28
7.04
10.54
7.53
5.70
8. 93

7.55

8.32
7.70
7.34
7.45
6. 45
5. 70

5. as
5.00
3.30
5. 37
6. 13

12. 58
9.60
9. NS

14.89
9.21

13. 57
13.90
10.55
9.09

$14.74
15.24
16.78
13 72
14.10
11.09

10.79
B.47
6. 65
8.35
4 44

4.80
6. 36

6. 73
6.11
10.48
12. 75
7.40
5.11
7.21
7.56
9.39
8. «i

9.119

10.47
9. 87

8.43
7.17
6. 70
5. 55
4. 54

7.51
12. 43
14.59
0. 21

17.50
11.22
12. 32
11.32
7.48

15.06

12. 92
14. 77

12. 24
12. 04

9.89
• -

10.29
- 56
;. :.i

7.07
5. 31

5.74
7 45

B. 63
0. 20
0. 12

5. 40

8. 13

7.49
6.81
6.97
5. 50
4.58
4.15
6.08
5. 59
(i. 47
4. 99
3.04
3. 33
4. 35
5. 14

15. 75
15.99
9 60
17.96
10. 14

10. 21
11.28
7.78
10.90

0.88 7.95 5.87

$12.40
13.30
12.56
12.60
9.30
8. 99
8.58

7.43
6.09
5. 52
4.81

4.20

4 v:

0. 36
:, ;:

5. 72
3.40
c, 80
4.90
4.29
0. 7^
5.(4
5. 27
5.70
4.04
4.20
5 .95

4. 95
3.30
3.06
2.08
2.09
3. 58
3.96

14.
5'

16.96
8.40
10.80
14.82
12.60
14. 40
0. 93
13.64

-

$9. 92
13. 30
10.50

10.56
10.88
9 86
8. 37
7.50
7.61
5.00
6. 21

3. 48
4. SI

6. 98
-

4.77
5. 59
0.16
6.84
6. 75
5 61

2.80
6.00
4. 86
6.40
5.S8
5.74
5.76
0.40
4. '.'4

4.80
4. IS

4. 32
4. 65
3. 96
5.98

13. 86
12. 25
10.88
14. .50

11.55
11.62
16.80
11.20
8.82

4.81

$12.24
12. 54
13.30
11.84
9. 99

10. 15

8. 53
6.06
6. 99
6 60
5. 65
4. 07
.". 29
7.74
7.97
8. 32
ii. 89
7.77
6. 88
8. 32
o. 61
5. 24
5.85
6.05
7. 42
8.86
0. 72
(i. 67

8. (Hi

7.62
8. 10
3.91
3. 96
0. 42
5.03
7.98

14. 21

12.48
14.68
15.91
15.09
15. 70
Hi. TO
10.80
16.50

7.23
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Average value per acre of principal farm crops, 1890-1899—Continued,

BARLEY.

States and Territories. 1891.



AVERAGE VALUE PER ACRE OF PRINCIPAL CHOPS. 791

Average valuepef acre ofprincipalfarm crops, 1890-1899—Continued,

BUCKWHEAT.

Maine
New Hampshire
Vermont
Massachusetts .

Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia .

North Carolina .

.

Tennessee
Virginia ...

Ohio -

Michigan
Indian i

Illinois
Wisconsin.
Minnesota
Iowa
Missouri
Nebraska
Oregon

811.00
11.10
11.00
11.38
s. 82
8. 99

r. c;

J. :i

7.08
6. 18

6.99
5.77

9.08
9.75

8. 95
8. 58

11.20

$13.42
14. 40
12.37
1 1 . 55

9.51
7.75

11.47

8. To

8. 12

0.44

8. !(>

7. ID

8. 32

7.00
8. 10

.;. 96

810. 83
12.25
9.00
8.97
9.00
7.35
7. 12

7.68
8. 4(5

8.12
5,06
a 96
4.66
10.60
7. 13

6, 67

8.a
<: 42

4. ID

8. ID

815. 66
8.58
15.48
20.63
11.38
8.64
9. 50
8.32
11.00
6:84
7. 31

5.63
6.80
7.82
7. 20
:..;-,

3.86
0.61
9.01

8.06

7.64
10.00

General average •
'•.''a 8.u:

21 02
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Average value per acre of principal farm crops, 1890-1SD0—Continued.

HAY.

States and Territories. 1890.

Maine
New Hampshire ..

Vermont
Massachusetts
Rhod e Island
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina . . -

South Carolina
Georgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia
Kentucky
Ohio
Michigan _.

Indiana
Illinois -.

Wisconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska
South Dakota
North Dakota
Montana.
Wyoming
Colorado
New Mexico.
Arizona
Utah...
Nevada
Idaho
Washington
Oregon
California

General average 9.34

1891.

$8. 8-1

10. 12
14.40
17.60
13.81
14.17
12. 10

15. 12
11.50
13.20
12.49
12.43
12.10
14.01
15. 79
17. 70
16. 09
14.59
15. 05
11.46
13. 74
13.56
10. 82
11.98
9.84
12.65
9. 34
9.65

10. 98
6.61
6.60
7.13
4.71
3.80

f
5.08

1 4.60
9. 77
8.37
15.04
10. 45
9.90
7.70
6.00
8.00
15.23
10.40
15. 40

9.68

1892.



FARM PRICES OF PRINCIPAL CROPS. 793

Prices of principal agricultural products on the farm, December /, 1890-1899.

[From Division of Statistics.]

CORN (PER BUSHEL).

States and Territories. 1890. 1891. 1892. 1893. 1894. 1895. 1896. 189". 1898. 1899.

Maine
New Hampshire
Vermont
Massachusetts .

.

Rhode Island
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina
South Carolina.
Georgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas-
Tennessee
West Virgini; ...

Kentucky
Ohio.....
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa.
Missouri
Kansas
Nebraska
South Dakota
North Dakota ...

Montana -

Wyoming -

Colorado
New Mexico
Utah
Washington
Oregon
California -

Oklahoma

Cents.
74
72
72
Til

72

70
65
62
60
60

65
55
70
60
75

68
To

70
72

65
62
60
40
51
Vi

47

4:i

45
42
41

44

53
4.-;

General average 50.63

Cents
80
77
76
78
79
76
66
65
57
55
53
50
58
70
09
80
63
58
6(1

55
46
43
52
40
41

48

44

39
30
38
34
26
35
4(1

Cents
67
65
64
62
63
62
60
58
57
44
45
53
54
57
56
60
52
51
5(1

45
47
43
56
40
42
46
40
37
38
37
32
36
31

28
33
40
70
61

40
72
58
60
56
55

Cents.
62
57
61
62
69
64
55
52
49
40
44
46
50
60
56
68
59
55
57
54
45
39
55
43
40
45
36
31
35
34
27
30
31
27

40.60 39.43 36.53 45.74

(
'< /, ts.

72

76
69
61
75
68
61
54
55
45
50
47
47
65
58
71

53
49
62
56
47
39
57
44
43
50
37
39
45
43
45
40
43
50
46
44
82
65
61
75
58
69
56
57

Cents
54
51
48
52
56
51
45
42
39
34
37
37
38
46
41
47
37
37
40
31
32
27
40
27
27
32
23
22
30
20
is

20
19
18
23
24
75
57
41

56
49
40
55
53

( 'ruts

47
45
38
46
49
42
38
36
33
25
32
32
37
46
4:!

53
45
44
45
41

37
28
34
25
21
24
19
18
22
19
14
20
18

13

18
25
(ill

78
36
55
51

57
56
53

25.33 21.50

Cents
47
45
43
47
54
49
40
38
34
30
30
38
43
49
48
55
46
45
45
41

40
36
40
35
25
27
21

21

25
24
17
24

22
17

21

32
65
50
38
58
55
55
53
56

26. 33

(
'« n ts.

48
46
44
49
64
52
43
40
40
31

35
35
43
46
48
50
41
39
41

34
29
29
37
27
27

34
25
25
26
34
23
27
26
22
23
36
06
55
40
56
60
42
60
62

28. 69

Cents.
50
49
47
51

53
50
45
40
41
34
36
38
47
50*
50
53
47
46
44
36
38
39
45
37
30
36
27
26
30
24
23
30
25
23
26
33
52
43
43
58
59

WHEAT (PER BUSHEL).

Maine
New Hampshire
Vermont .

Connecticut
New York
New Jersey
Pennsylvania ...

Delaware
Maryland
Virginia
North Carolina.
South Carolina.

.

Georgia . -

Alabama
Mississippi
Texas
Arkansas
Tennessee
West Virginia. _

.

Kentucky
Ohio
Michigan.-
Indiana
Illinois
Wisconsin

15

15
11

I!)

00
INI

'.".I

96
92
96
00
05
10

09
in

95
<(S

97

95
92
91

90
ss

;<7

83

SI. 10
1.15
1.14
1.06
1.00
1.04
1.00
1.00
1.00
1.00
1.02
1.10
1.10
1.10
1.00
.87
.90
.93
.96
.90
.92
.91
.86
.85
.84

$1.02
1.00
.98
.87
.85
.83
.81
.75
.74
.76
.89
.93
.90
.93
.90
.75

.80

.68

.75

.67

.68

.67

.64

.63

.62

$1.02
.85
.85

$0. 82
.76
.69
.68
.68
.71

.65

.64

.64

.65

.72

.88

.82

.80

.61

.66

."•59

.62

.69

.61

.60

.60

.57

.53

.51

$0.84
1.00
.93

SI. 06
1.10
1.01
1.00
.'.H!

. 93

.91

.94

.93

.92

.94
1.18
1.03
1.01
.99
.89
.84
.95

.88

.87

$0. 89
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Prices of principal agrieultwral product.; em the farm, December 1, 1S90-1S99—C't'd.

WHEAT (PER BUSHEL)-Continued.

States and Territories.
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Prices ofprincipal agriculturalproducts on thefarm, Decembt r 1, 1890-1899—C't'd„

BARLEY iPER BUSHEL).

States and Territories. 1890. 1891. 1898.
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Prices <>f principal agricultural products on the farm, December 1, 1800-1809—C't'd.

BUCKWHEAT (PER BUSHEL).

States and Territories. 1890. 1891. 1892. 1893. 1894. 1895. 189G. 1897. 1898. 1899.

Maine.
New Hampshire .

Vermont
Massachusetts --.

Connecticut
New York.
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina .

Tennessee
West Virginia - -

Ohio...
Michigan
Indiana
Illinois
Wisconsin
Minnesota _.

Iowa ,

Missouri.
Nebraska ..

Oregon

General average

.

Ce

. 57.37

Cents.
61
67
55
70
77
56
67
57
75
70
65
56

56. 98

Cents.
57
70

51. 85

Cents.
54
37
53
75
72
60
66
59
55
58
55
49
54
68
60
53
56
57
57
53
61
58
52
50

58. 36

Cents.
58
61
57
68
67
54
65
53
50
56
54
47
57
62
66
55
56
77
56
59
75
60
68
55

55. 57

Cents.
46
47
37
59
56
44
50
44
50
56
54
44
54
57
55
43
58
44
46
51
50
58
65
50

45. 21

Cents.
38
63
40
53
51
37
39
38
30
49
47
60
62
50
43
38
51
45
38
41
46
70
50

5.19

Cents.
44
55
46
66
57
40
49
42
36
51
50
49
57
49
50
38
49
57
38
45
49
60
51
55

Cents.
39
47
46
61
56
45
54
44
40
53
45
48
52
49
51
42
51
52
40
49
48
60
61
58

42.14 <14.97

POTATOES (PER BUSHEL).

Maine
New Hampshire
Vermont
Massachusetts ...

Rhode Island
Gonnecti cut
New York-.
New Jersey
Pennsylvania
Delaware.
Maryland
Virginia ._

North Carolina _

South Carolina..
Georgia
Florida
Ala!jama
Mississippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia ..

Kentucky
Ohio
Michigan.
Indiana
Illinois
Wisconsin
Minnesota
Iowa..
Missouri.
Kansas _

Nebraska. _

South Dakota . .

.

North Dakota. ..

Montana
Wyoming
Colorado
New Mexico
Utah
Nevada
Idaho
Washington
Oregon
California

General average

.

Cents.
71
72
63
84
85
85
78
82
77
75
71

67
65
90
95
97
93
98
92

75. 77

Cents.
41
45
38
54
60
55
37
49
43
45
48
47
68
82
80
90
78
81
82
95
64
55
42
45
35
24
37
40
26
24
22
35
35
28

/ 28

I 20
41
43
28
63
25
50
40
38
40
54

35. 78

Cents.
77
85
68
83
85
76
65
75
72
63
68
60
61
85
80
75
76
76
77
85
70
48
58
52
64
53
72
80
54
48
75
77
88
75
55
40
60
70
6i

66.11

Cents.
54
63
48
76
79
75
55
75
60
65
68
57
60
77
92
117
88
84
83

103
64
49
59
56
67
45
73
74
49
46
65
57
79
79
59
49
69
65
54
67
33
40
56
39
47
50

59. 37

Cents.
44
47
44
65
72
68
48
62
57
50
53
56
60
77
81
75

53.69

Cents.
34
32

45
41
23
34
28
38
30
38
55
73
71
100
81
64
72
78
51
40
42
39
32
16
31
30
17
14
19
25
42
30
26
17
48
56
33
63
34
38
40
28
39
48

26. 57

Cents.
38
47
29
57
54
46
31
36
27
35
30
34
43
66
75
84
75
62
76
78
53
40
31
SI
26
19
25
26
19

21
22
31

27
25
20
21
32
43
47
68
32

23. 62

Cents.
89
90
70
90
97
90
67
78
66
65
68
70
64

105
100
120

' 94
82
85
95
84
73
65
67
62
43
62
62
38
31
47
63
55
46
32
33
40
55
56
78
30
73
32
28
40
49

Cents.
46
49
42
63
64
55
42
61
58
09
53
55
62
100
75
120
83
72
75
86
55
57
54
46
41
27
41
46
24
25
30
44
51
37
28
34
55
65
54
78
31
90
54
89
47

54.66 41.38 39.04
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Pnrc.s- efprincipal agricultural products on the farm . December J, 1890-1899—C't'd.

HAY (PER TON).

and Territories.

Maine
New Hampshire.
Vermont
Massachusetts ...

Rhode Island
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina .

South Carolina..

.

Georgia
Florida
Alabama

-sippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia
Kentucky
Ohio..
Michigan
Indiana
Illinois

Wisconsin.
Minnesota
Iowa
Missouri
Kansas
Nebraska
South

I

North Dakota . .

Montana
Wyoming
Colorado
New Mexico
Arizona
Utah
Nevada
Idaho.
Washington
Oregon
California

ral average.

1800. 1891.

11.00
9.00
16.00
!o. 25
15. 75

11.00
14.40

10.00
12.00
11.15
11.00
11.011

12 18

13.50
15.00
12.38
11.28
1 1 . 58

8.75
10. 57
11.30
9. 17

10. 15

8.20
11.00
7.70

9.80
5.75
5 50
0.LO
3 62
3.17
1.20

1
4.00

8.50
9 00
8.00
9.50

"5.50
5.00
6 ..:

10.50
8.00

11. ui

1892.

$12. 80
13.20
10.00
16 60
17.40
10. 50
11.00
14.25
12.30
12, 33
11.75
11.50
10.55
11.30
11,80
14.00
10.80
9.91
9.80

8.74
10.40
10.50
9.50
9. 17

8. 40
7. Ml
7.53

4. 00
5. :.'.".

6.75
4.40
4.27
3.40
4.10
8. 95
0.40
0.50
11.25
10.50
6.31

7.00
7.40
g 00
8.92
8.76

1S93.

8.39 8.49

812.13
15.60
10.63
17.33
19.60
17.50
11.33
17.4:5

14.40
17. CO
14.25
13.09
11.11
9.07

12. 06
19. 75
11.24
9.01
9.00
9.60
9.37
10.76
12.25
10.10
10.05
9. 16

9.10
8. 86
7.20
4.57
0. 16
7.04
4. 69
4.87

3. 07
3.72
7.89
8.00
6.98

8. 25
5.17

10.00
5.50
9. 17

8.10

1894.

$9. oo
10. 50

15 50
16. 33
15.56
9. 66
14.09
11.31
15.00
11.13
11.89
10.93
10.75
12.38
16.25
9.51
9. 67

10.04

7.62
8. S3

1 1 . 87

10.66
10.47

8.46

7. 58

7.96
5. oO
! .

: 9

7. 12

3. 87

7.17

10.00
7. 54

11.50
12.00
5. 56
7. 25
4.34
7.38
5. 86
9. 50

1895.

8.68 8. .54

12. so
12.25
17.50
17.25
16. 10

13. 70
12. 04
12.30
12. 10

11.55
11.43
10.14

7.62
10.90
13. 23
10.21

9.70
9.04
6. 43
9.27
10.83
12.73
10. 94
12 76

13.09
12.03
10.25
9.63
5. 12

6. 45

6.80
3. 26
3. 56
3 29
3.48
1.40
6.50
5. 87

8.00
9.00
5. 27
0. 75
6 85
0. 75
6. 12

7.00

1896.

8.35

-in.
-

12. 90
10.28
16.40
16.60
14 71

12.04
14.35
12. 15

13.60
11.85
10.21

10.75
11.32
11.05
13.00
9. 80
9. 40
8.75
7.20
7. 54
9. 63

9.79
9. 40
7. 93
8.48
7.18
0. 39
6.60
3.79
3. 99
4.85
2.70
2. 44

3. 12

3.39
6. 86
7.14
6 22
5.70
8. 75
5.00
4. 82
4.71
7.09
6.60
6.35

0. 55

1897.

89. 75

11.50
9. 25
13.90
14.50
13. 00
8. 25

9.15
10.00
10. 50
J 0.25
9. 75

11.50
13.00
14.25
10. 25
9. 50
8.75
T

. 25
8.65

10. 75
8.85
10.00
0. 25
7. 75
5.90
6.15
6. 25
4..Mi

4. 25
6. 15
3.40
3. oo
2. 95
3. 25
7. 75

6.00
5. 50
7.00
5.00

5 00

9.00
7. 75
9.00

0.02

S7.00
9. 25
6. 35

12. 10
12.05
11.15
5, 75
9.00
7.9H
8. 45

9.30
8. 50
9.30
9. 50
Ik 75
14.10
9. 25
8.4H

9. 40
5. 85
ft 75

9. 50
8. 40

9. 10

5. 75
7. 15

5.00
5.90
5. 75
3.70
4. 05
5.80

3.30
3.60
3.25
6.80
5.90
:>. 40
7. 35
12.00
4.50
7.00
4.90
7.60
7.25

14. 25

COTTON (PER POUND).

Virginia
North Carolina .

.

South Carolina .

Georgia
Florida
Alabama
Miss ssippi
Louisiana
Texas
Arkansas
Tennes see
Missouri
Oklahoma
Indian Territory

Genera! average

Cents.
8.7
8.7

8.6
8.6
8. o

8.8
8.8
8.4
8.5
8.4

8.

Cents.
7.0
7.4
7.4
7. i

7.3
7.3
7.3
7.3
7.0
7.3
7.3

Cents,
8.6
8.6
8.6
8.5
8.2
8.5
8.5
8.4
8.0
8.5
8.5
7.8

7.3

Cents.
7.1

7.2
7.1
7.3
7.3
7.0
7.0
7.0
6.9
6.8
6.5

7.0

' , r. 's.

5.0
4.8
5.0
4.5
4.8
4.8
4.1
4.3
4.5
4.8
4.5
4.6
4.6

Cents.

8.2
8.8
7.0
11.5
7.8
7.5
7.8
7.3
7.6
7.3
7.4
7.5
7.3

7.6

Cents.
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Average yields of wheat, oats, rye, and hurley iti certain countries.

[From official returns. Bushels per acre.]

WHEAT.

Year.
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Number and value offarm animals in the United States, 1SS0 to 1000.

[From Division of Statistics.]

January
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Number, and total value of farm animals in the United States on
January 1. 1900, by States.

and Terril

Maine
New Hampshire
Vermont

hnsetta
Rhode Island.
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North ( larolina
.South Carolina
Georgia
Florula
Alal >ama

sippi
Louisiana

Arkansas
Tennessee

Virginia
Kentucky

Michigan
Indiana
Illinois

Wisconsin
Minnesota
[OWS
Missouri

-

Nebraska
South Dakol
North Dakota
Montana
Wyoming

New Mexico
Arizona
Utah
Nevada
Idaho
Washington

n

iia.

Oklahoma

ted States.
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Member, average price, and total value of farm animals in the United States o,
January 1, 1900, by States—Continued.

States and Territories.

Milch cows.

Number.
Average

price
per head.

Value.

Other cattle.

Number.
Average
price

per head.
Value.

Maine
New Hampshire ...

Vermont
Massaelrasetts
Rhode Island
Connecticut
New York
New Jersey
Pennsylvania
Delaware..
Maryland
Virginia
North Carolina
South Carolina
Georgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas -

Tennessee
West Virginia
Kentucky
Ohio
Michigan
Indiana
Illinois _

Wisconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska
South Dakota
North Dakota
Montana
Wyoming
Colorado
New Mexico
Arizona
Utah
Nevada
Idaho
Washington
Oregon
California
Oklahoma

United States

203
135
268
181
25

144
1.487
223
970
35
154
242
243
122
285
113
231

244
123
C93
188
239
167
235
780
463
605

1,021
1,003
672

1,263
659
707
685
398
17o
45
18
93
19
19
57
18
33
122
115
30.S

40

$28. 90
32.70
31.90
37.20
39. 95
34.80
£5.20
39. 10
33.15
31.50
29.80
24. 05
18.20
19.25
23. 95
16.70
18.40
20.70
21.95
25.25
20.25
24. 15
28.40
27. 25
32. 30
32.70
33. 75
36.30
33. 60
31. 65
34.90
28.60
32. 50
35.50
33.40
31.95
39.25
40. 55
36.20
31.70
32. 50
32.75
34.10
31.90
35.40
31.05
33. 75
31.90

$5, S90, 225
4,429,444
8, 577, 463
6,755,111
1,008,977
5,029,609

52,:i57,043

8, 729, 505
32,171,180
1,125,495
4,610,418
5,831,836
4,428,024
2, 366, 961
6, 836 072
1,888; 904
4.265,157
5,052.932
2,704,942
17,518,298
3, 825, 954

5,781,365
4, 747, 713
6, 425, 496
25,224,330
15,162,925
20,447,606
37,070,867
33,711,586
21,285,891
44,088,577
18, 868, 307
22. 999. 438
24,329.499
13, 305, 992
5.629,750
1,778,574

734, 117

3, 384, 664
618,467
622, 050

1,873,595
622, 325

1,055,092
4,333,456
3, 583, 636

10, 424, 430
1,298,808

112.723
79,221

132, 450
73,378
10, 149
66, 188

572, 299
39,896
523,653
22,305

102, 723
325,000
274,843
137,264
380,716
299, 712
279, 278
273, 706
171.729

4,352,541
230,486
2*0.841
241,025
303,651
674, 619
338,120
629.(175

1,303,018
595, 208
564, 463

2, 178, 729

1,387,615
2, 159, 549
1,521,454
480,817
255, l(j(j

914,494
729, 722

1,021,922
659, 849
362, 721

278,867
219, 831

364, 853
268,030
522,(118

604,881
283,256

$26.38
25.57
23.41
27. 12
29.83
30.90
27.45
30.70
27.34
28.03
25.36
23.96
12.31
10.77
11.07
8.38
10.96
13. 59
13.37
17.86
14. 04
18.79
25. 15
24.52
30.69
26.75
32. 65
31.62
27.33
24.27
33.47
26.65
28.90
30.38
29.61
27.24
27. 19
24.10
27. 69
18.64
16. 46
22. 93
23.06
23.77
25.21
23. 36
24.57
25. 36

$2,973,863
2,025,477
3,100,074
1,990,270

302, 788
2, 045. 545
15,707,884
1,224,982
14,314,840

625, 247
2,604,643
7,787,812
3,383.726
1,478,267
4,216,054
2. 512, 036
3,061,719
3,719,121
2.296.702

77. 736, 384
3,235,910
5,390,598
6,061,432
7,440,740
20.702.044
9. 043, €95

£0, 536, 787
41,197.518
16,367,023
13, 700, 354
72,930.788
36,981,329
62,401,253
46.220,249
14,237,235
6.951,242
24,865,089
20.5(15,914
28.297.538
12,301.571
5,959,293
6, 396, 237
5.068.415
8,672,748
6.757.573
12.192,775
14,804,947
7,182,529

16, 292, 360 31.60 514, 812, 106 27, 610, 054 24. 97 689, 486, 260
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Number, average price, and total value of farm animals in the United Stairs on.

January l, 1900, by States—Continued.

SHEEP.

3 and Terril Number.
Average
price

per head
Value.

Mains
New Ham]

mt
tts

Rhode Island
Connecticut
New York
New Jersey
Pennsylvania

are -

Maryland
Virginia -

'

North Carolina
South Carolina

a
Florida
Aluliama

- - 1 * 1 > i

Louisiana
Texas
Arkansas

West Virginia
Kentucky.

Michigan
Indiana
Illinois
Wis onsin

Iowa
iri

Kansas
Nebraska
South Dakota
North l takota
Montana
Wyoming
Colorado
New Mexico
Arizona
Utah

. i

Idaho
agton

1 iiia

Oklahoma

United States

79, IBS
1(59,259

40,194
10,608

•

42 722
814^ 322
12,592

138, 177

376,918
235,260
61,217

294,826
76,074
171,799
215, 748
113,205
416,721
108,957
251,735
426,814
549, 832
839,690

677,905
637,719
744. 656
419,218
619,476
597,619
275,118

381,882
374,110

840, 190

973.4:19

024,430
-

667,773

790,217
446,695
001,501

S3. 10
3.19
3.61
4.55
3. 86
3.90
4.07
4.34
3.60
3. 67
3.51
3.09
1.62
1.70
1.76
1.69
1.53
1.66
1.58
1.92
1.67

3. 19

3.01
3.71
3.58
4.00
3.97
3. 65
3. 18
4.H2

3. in

3.04
3.39
3.29
3.10
2.84
3. M

2.17
2. 34

2. 59
2.91

2.80
3.13
2.61

2.52

2.93

$787, 484
252, 239
611.363
182,883
40,974

124. 194
3. 44S. 122

2,928,302
46, 269

485, 553
1.164. 670
379,945*
104,069
518,893
128,870
262.767
335, 490
179.2113

4,634,063
181,795
596,485

1 . 363, 244
1,656,094

10,535,250
4,972,882
2,713,993
2. 532, 383
2.716.505
1,333,113
2,487,816
1,854,71]

1,09
1 . 257, 156
1,188,683

11,017,474
9,9U4.!-mj

6,250,036

2,393,581
6. 150, 330
1,914.120
7 . 444. 254
2,470,218
6, 532. 670
5,710

63.380

-
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AVERAGE PRICES FOR IMPORTS AND EXPORTS.

[From Section of Foreign Markets.]

Average import price of agricultural product* imported into the United States
during each of the five fiscal years 1895-1899.

[The import prices of merchandise here given represent '"the actual market value or whole-
sale price of such merchandise as bought and sold in usual wholesale quantities, at the time of
exportation to the United States, in the principal markets of the country from whence
imported, and in the condition in which such merchandise is there bought and sold for exporta-
tion to the United States, or consigned to the United States for sale, including the value of all

cartons, cases, crates, boxes, so i tks, and coverings of any kind, and all costs, charges, and expenses
incident to placing the merchandise in condition, packed ready for shipment to the United
States." (Act of June 10, 1890.

1

The export prices are the actual market values in the port of shipment.]

Articles imported.

ANIMAL MATTER.

Cattle, free of duty head.
Cattle, dutiable do
Total cattle _do

—

Horses, free of duty do
Horses, dutiable do
Total horses do—
Sheep, free of duty do

—

Sheep, dutiable do

—

Total sheep do

—

Beeswax . pound

.

Bristles, crude, not sorted, bunched or pre-
pared pound.

Bristles, sorted, bunched, or prepared do
Total bristles do

—

Butter do

—

Cheese -do..-
Eggs dozen

.

Silk:
Cocoons pound

.

Raw, or as reeled from the cocoon do
Waste do

Total silk do...
Wool, class 1, clothing

:

In the grease pound

.

Scoured. do...
Total wool , class 1 do...
Wool, class 2. combing:

In the grease. do...
Scoured do...

Total wool, class 2 do...
Wool, class 3, carpet:

In the grease do...
Scoured _do...

Total wool , class 3. do. .

.

Total wools _ _ do . .

.

Glue do...
Hides and skins, other than furs:

Goatskins do...
Hides of cattle.. do...
Other.. -.do---

Total hides and skins r do...
Honey. gallon.
Sausage, Bologna pound

.

Oils, animal, n.e.s,, except whale and fish gallon-
Stearin pound

.

VEGETABLE MATTER.

Argols, or wine lees pound

.

Barley bushel.
Corn (maize) do . .

.

Oats do...
Oatmeal pound

.

Rye bushel.
Wheat do...
Wheat flour barrel.
Chocolate, other than confectionery and sweet-
ened chocolate pound

.

( locoa, or cacao, crude, and leaves and shells of,
pound

Cocoa, or cacao, prepared or manufactured,
pound

Total cocoa, or cacao .pound.
Coffee do...

Years ended June 30

—

1895.

86.63
4. 95
5.11

330. 17
53.88
80. 56
15.90
2. 25
2.34
.274

. 958

.956

.179

.141

.120

.434
2. 76

.449
2.43

.153

. 196

.091

. 124

.088

. 202

.088

.115

.341

.320

.068

.410

.456

.262

.056

. 486

.608
4.44

. 196

.109

..337

.120

.147

1896.

$20. 56
6.89
6.93

196. 34
5(1.72

66.32
10. 85
2.54
2.65
.278

2.23
.912
.913
.164
.139
.094

.405
3.28

. 372
2.86

. 166

.223

.097

.141

.089

.220

.124

.145

. 383

. 225

. 327

.071

.096

.379

.4*5

.274

. 057
1.89

. 657
4.91

.173

.103

.830

.114

.146

1897.

$119. 41
7.80
7.S7

138.85
58.38
66.42
13.70
2.45
2.51
.249

.611

.903

.903

.160

.135

.082

2.84
. 285

2.37

.158

. 265

.171

.189

.211

.189

.105

.118

.105

.152

.096

.106
{

.135

.415

.233

.158

.084

.310

.329

.260

.021
2.36
.767

4.41

.163

.297

.105

.111

§132. 81

9.75
9.99

181.82
117.92
134.49
14.05
2.73
2.82
.266

.346

.814

.814

.171

.134

.049

.381
3.05
.374

2.66

.170

.280

.175

.199

.210

.199

.096

.088

.096

.126

.104

.243

.108

.140

. 151

. 395

.401

.083

.a51

.433

.370

.056

.404

.962
4.46

.151

.136

. 367

.143

. 075
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Average import price of agricultural products imported into the United States
during each of the five fiscal years 1895-1899—Continued.

Articles imported.

VEGETABLE MATTER—continued.
Chicory root. raw. angrotmd pound. -

Chicory root, roasted, ground, or otherwia i pre-
pared pound .

.

Total chicory root do

—

Coffee substitutes, n.e.s do

—

Total coffee substitutes do
Cotton ....do....
Flax. and tow of .ton..
Flax, hackled, etc do

—

.ind tow of do
Hemp, hackled, etc do

—

Istle.or Tampico fiber do
Jute and jute butts — do

—

Manila hemp do
Sisal grass do—
PiberSj vegetable, n.e.s do

—

Fruit juices:
Prune juice or prune wine ...gallon..
Other, including cherry juice do—

Total fruit juices do

—

Currants pound .

Dates. do—
Figs do
Plums and prunes do
Raisins do

—

Almonds do
Ginger, preserved or pickled do

—

Hay ton
Hops pound..
Indigo do
Malt, barley bushel .

Malt liqui irs, l >< >t tied gallon .

.

Malt Liquors, unbottled do
Total malt liquors , do—
Oil cake pound..
Olive oil, salad gallon
Opium, crude or unmanufactured pound..
Opium, prepared do
Total opium do
Rice do

—

Rice flour, rice meal, and broken rice do
Total rice and rice meal do
Linseed, or flaxseed abushel..
Spices, unground:

Nutmegs pound..
Pepper, black or white do—
Other t fret- of duty) do

Spices. ground (and other dutiable) do
Total spices do
Spirits, distilled:

Of domestic manufacture, returned, proof
gallon.

Brandv.. proof gallon..
Other*.. do....

Total distilled spirits do
Starch pound..
Straw ton .

.

Molasses gallon .

Beet sugar not above No. 16 Dutch standard.
pound

Sugar, other than beet, not above No. 10 Dutch
standard pound .

.

Sugar above No. 16 Dutch standard do
Total sugar do
Tea do

—

Tobacco, leaf

:

Suitable for cigar wrappers do
Other ( including stems) do

—

Total leaf tobacco do—
Vanilla beans .do

—

Beans and peas. ." bushel..
Cal ibages - .number.

.

Onions ...bushel..
Potatoes - do—
V inegar gallon .

.

Champagne and other sparkling wines, dozen
bottles

Still wines, bottled dozen bottles.

.

Still wines, unbottled gallon..

Years ended .Tune 30

—

1805. 1896.

.033

.017

.039

.082

.096
201.43
472.16
122. 22
164. 46

46. 63
24. 88
81.76
57. 64
52. 79

.739

.016

.02]

.050

.035

.(til

. 103

7.10
.191

.509

.677

.953

.303

.510

1.23
2.114

6. 58
3.31

.017

.014

.016
L.09

.311

.059

.132

.063

.870
2.60
1.09
1.23
.019

3.17
. 0S6

.020

. 021

. 028

.021

.135

1.27
.359
.553

3.61
1.01

. 450

.264

14. 77
4.82

JO. 013

.033

.014

.038

.017

.119
179.21
488. 62
125.26
243. 05
58 78

22. 49

76.30
65.47
41.13

.830

.017

.054

.112

.043

.008

9. 16

.217

.501

. 856

.970

. 293

.507

.006
1. 11

1.87
7.44
3.06
.016
.013
.015

1.08

. 320

.039

.052

.113

.060

.913
2. 66
1.16
1.21
.018

3.95
.157

.023

.022

.029

. 023

. 135

1.07
.394
.501

4.30
1.07
.044

1897.

$0. 014 so. 016

.035

.014

.037

.017

.113

168.0]

375.01
124. 27
273. 71

53. 20
23. 93
73.68
60.61
66.32

.701

.020

.024

.060

. 103

.045

.09]

.728

.303

14.73
4.86
.688

8.59
.209
. 482
. 847
.978

.279

. 526

.007
I 22
2. in

7.21
2.70
.019
.015
.018

1.03

.270

.047

.053

.111

.064

.903
2.70
1.20
1.27
.018

:;. 38
.158

.018

.021

.025

.020

.131

.935

.506

.694
5.36
1.01
.055

1.12
.591
.270

14.64
4.77

.016

.034

.030

.095

215.88

139. 49

50.84
22. 65
64.44
74.58
62. 22

.489

.621

.033

.027

.053

.130

.058

.115

8. 92
. 273
. 586
.925
. 948
.285
.479

.004
1.25
2.14
6. 51

4.10
.022
.016
.020

1.11

. 273

.065

. 065
. LOO
.076

2.87
1.30
1.21

.017
3.08
.151

.019

.023

.024

. 022

.140

.931

. 551

.715
4.37
.912

.878

.404

.261

14.58
4.88
.721

1899.

$0,015

.033

.027

.037

.033

.100

£01.81

121. 06

64.31

27.61
116 77 .

128. 12
68.74

.776

.517

. 631

.026

.025

.049

.106

.057
123

.044
5.81
.449
. 543
.892
.999
.296
.523
.005

1.17
2.38
6. 67
3.22
.020
.015
.019

1.07

.241

.088

.072

.099

.030

2. 85
1.37
1.29
.018

2.20
.136

.021

.024

.027

.024

.131

1.05
.561
.705

4.54
.899

.047

.555

.252

13.98
4.90
.698
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Average export price of agricultural products exported from the United States
during each of the five fiscal years 1S95-1899.

Articles exported.
Years ended June 30

—

1895. 1896. 1897. l.-'.X 1899.

ANIMAL MATTER.

Cattle head .

.

Hogs. do....
Horses do
Mules do
Sheep do
Beeswax _ _ pound .

.

Butter _ _ do
Cheese do
Eggs. dozen..
Feathers, other than ostrich pound..
Glue do
Hides and skins, other than furs. do
Beef, canned _ do
Beef, fresh _ .do
Beef, salted or pickled _ do
Beef, other cured do . .

.

Tallow ...do....
Bacon do
Hams. do
Pork, fresh _ do
Pork, salted or pickled do
Lard .do
Mutton do
Oleo-oil do
Oleomargarm (.imitation butter) do
Lard oil gallon..
Other animal oils, except whale and fish . .do
Total animal oils, except whale and fish...do
Silk waste pound..
Stearin do
Wool t do

VEGETABLE .MATTER.

Barley bushel..
Bran, middlings, and mill feed .ton
Bread and biscuit pound..
But kwheat bushel .

.

Corn (maize) do
Corn meal barrel..
Oats bushel..
Oatmeal pound..
Rye ._ bushel..
Rye flour barrel..
Wheat bushel..
Wheat flour barrel..
Cider _ gallon..
Cotton, sea-islarid pound.

.

Cotton, other than sea-island do
Total cotton in bales do
Waste cotton do
Total cotton _ do
Apples, dried _ _ do
Apples, green or ripe barrel .

.

Prunes _ _ pound .

.

Raisins do
Ginseng _ _ do
Glucose, or grape sugar. .do
Hay ton..
Hops. pound ..

Lard substitutes, n. e. s. (cottolene, lardine, etc.)
pound

Malt bushel..
Malt liquors, bottled dozen bottles..
Malt liquors, unbottled gallon .

.

Corn oil cake pound .

.

Oil cake and oil-cake meal, cotton-seed do
Oil cake and oil-cake meal, flaxseed, or linseed,
pound..

Total oil cuke and oil-cake meal pound..
Corn oil .gallon..
Cotton-seed oil do
Linseed oil do
Peppermint oil pound .

.

Ri<c do
Rice bran, meal, and polish do
Total rice and rice meal do
Cottonseed do

$92. 26
10.16

157. 99
74. 14
6.48

. 284

.164

. 091

.\m
a. 168

. 097

.064

.089

.088

.057

.090

.050

.083

.104

.074

.071

.078

.081

.091

. 098

.549

. 523

.544

.356

.059

.113

.491

.045

.529
2.90

. 352

.028

.566
3.20
.576

3.38
.128
.182
.058
.058

{92. 79

10. 80
140. 52
68. m
6. 26
.296
.152
.Of t

.147

.166

.095

.098

.088

.084

.056

.115

.044

.079

.098

.059

. 057

.(tiii

. 075

.078

.097

.511

. 504

.510

.304

.051

.123

.404

.045

.058

.065
2.39

3.54
.019

14.84
.107

.076

.681
1.15
.256

.009

.012

.010

.322

.590
2.22
.088
.008
.010
.008

.378
2.36
.260
.024
.450

2.96
. 655

3.56
.128
.198
.080
.081

.081

.050
2.58

3. 86
.016

14.80
.088

.060

.635
1.20
.240

.009

.011

.010

.288

. 495
2.05
.(HO
.006
.006
.007

$92. 70
10.30

120.64
72. 97
6.27
.289
.143
.091
.1:39

.099

.095

. 077

. 0.86

.078

.052

.089

. 037

.068

.097

.073

. 049

.051

.078

.059

.097

.437

.425

.435

.244

.051

.118

.382

.046

.405

.306
1.90
.249
. 023
. 428

2.87
.753

3.84
.122
.189
.074
.074

.074

.044
1.58

4.68
.014

13.71
.114

.0.53

.012

1.16
. 223

.009

.009

. 009

.254
. 884

1.68
. 038
.006
.009
.006

$86. 12

7.67
120. 75
82.09
6.08
.277
.150
.086
.163

.090

. 088

.088

.084

. 053

.094

.038

.071

. 095

. 087

. 056

.056

.(•>:.

.060

.089

.395

.409

.m

.123

.047

.149

.493
11.58
.049
.430
.355

2.13
.298
.081
.568

3.46
.983

4.51
.129
.177
.059
.060
.041
.060
.061

2.78
.064
.054

3.67
.015

14.07
.154

.052

.707
1.22
.226
.009
.009

.010

.009

.218

.252

.427
1.24
.043
.006
.010
.006

$78. 35
6.88

118.93

5.96
.275
.161
. 067
.174

.094

.092

.031

.083

.054

.092

. 041

. (174

.092

. 066

.058

.059

.078

.064

.092

.450

.387

.440

.125

.048

.141

.607
15. 65

.049

. 5S2

.396
2.24
.323
.022
.585

3.11
.748

3. 9.-.

.131

.167

. 055

. 158

. 037

. 055

. 065
3.18
.008
.058

3.99
.016

13.23
.171

.05)

.715
1.21

. 267

.000

.009

.011

.009

.239

.416
1.01
.045
.006
.008
.006

a Exclusive of egret feathers.
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Average export price of agricultural products exported from the United States
(hiring each of the five fiscal years 1895-1899—Continued.

Articles exported.
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Quantity of sugar imported into the United States from the principal countries
of supply during cacti fiscal year from 1895 to 1899, inclusive—Continued.

Countries
from which im-

ported.



FREIGHT RATES ON MISSISSIPPI RIVER. 841

TRANSPORTATION RATES.

Grain: average rates, in cents per bushel, from St. Louis to New Orleans by rir< r.

[Compiled from reports of the St. Louis Merchants' Exchange; reprinted from Bulletin No. 15,

Miscellaneous Series, Division of Statistics.]
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Miscellaneous commodities, New York to Chicago by rail.

AVERAGE RATES FOR LESS THAN CARLOAD QUANTITIES, IN CENTS PER 100

POUNDS.

[Prom Bulletin No. 15, Miscellaneous Series, Division of Statistics.]



RAILROAD RATES, NEW YORK TO CHICAGO. 843

Miscellaneous commodities. New York to Chicago by rail—Continued.

AVERAGE RATES FOR CARLOADS, IN CENTS PER 100 POUNDS.
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Miscellaneous commodities, New York to Chicago by rail—Continued.

AVERAGE RATES, REGARDLESS OF QUANTITY SHIPPED, IN CENTS PER 100
POUNDS.

Year.

1867 a

1868 a

1869a

1870a

1871 a

1872 a

1873 a

1874 a

1875a

1876a

1877a

1878 a

1879.

_

1880..

1881..

1882..

1883.

.

1884..

1885..

1886..

1887.

.

1888..

1889.

.

1890.

_

1891 .

.

1892..

1893..

1894..

1895..

1896..

1897..

1898..

1899..

Dry
goods

137

122

99

113

81

105

69

81

53

39

Cotton
piece
goods.

137

122

99

113

81

105

69

81

53

39

65

Boots
and

shoes.

137

122

99

113

81

105

69

81

53

39

Tea.

137

122

99

113

81

105

69

81

53

39

Drugs.

137

1£2

99

113

81

105

69

81

53

39

72

77

75

75

65

56

75

75

56

75

75

73

75

75

o Rates in currency reduced to their equivalents in gold.



RAILROAD RATES, CHICAGO TO NEW YORK.

Live stock- and dressed meats, Chicago to New York by rail.

AVERAGE RATES, IN CENTS PER 100 POUNDS.

[From Bulletin No. 1">. Miscellaneous Series, Division of Statistics.]

845

Year.

1873a

1874a

1 Bi S i

1-.'.

1877 a.

1879...

1880..

1881...

1882...

1883...

1884..

1866

1881

1889...

1890..

1891..

1892...

1893..

1894..

1895..

1896

1897..

1898..

1899..

Cattle.

47

55

36

in

31

31

33

33

22

28

27

28

28

28

28

28

28

b25

Hogs. Sheep.
Horses
and

mules.

Dressed
beef.

Dressed hosrs.

Refrig-
erator
cars.

Common
cars.

((Rates in currency reduced to their equivalents in gold.

b Rates did not go into effect until February 1, 1899. Until that time the 1898 rates governed.
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Meats packed, Cincinnati to New York by rail.

AVERAGE RATES, IN CENTS PER 100 POUNDS.

[Compiled from reports of Cincinnati Chamber of Commerce.]

[From Bulletin No.15, Miscellaneous Series, Division of Statistics.]

Year.



RAILROAD RATES, CHICAGO TO NEW YORK. 847

drain, Chicago to New York.

AVERAGE RATES, IN CENTS PER BUSHEL.

[From Bulletin No. 15, Miscellaneous Series. Division of Statistics.]
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Average freight rates, in cents per ton per mile.

[From Bulletin No. 15, Miscellaneous Series, Division of Statistics.]



RAILROAD PASSENGER RATES. 849

Average rates, in cents perpassenger per mile.

[From Bulletin No. 15, Miscellaneous Series, Division of Statistics.]
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Abattoirs, inspections 48

Abbe, Cleveland, daily weather bulletin at Cincinnati . . . 77
Professor, proposal for State cooperation in climate and crop service. 87

Academy of Sciences, National, work of committee on forest policy 295,297
of France, commission, on nitrogen as plant food 247

Accounts and Disbursements. Division, organization and duties 670
remarks by Secretary 45

Act< sag* of principal crops, statistics 759-770
Adirondacks, lumbering Im system devised by Division of Forestry. 420

note on improvement in catting spruce 22
Adlum, Joseph, introduction of Catawba grape 475

Admission to agricultural colleges, requirements 176,183
Adulterate >n < »f seeds, remarks 571

Aeration of alkali lands, note .. — 25
Agricultural and mechanical & >Heges, list by States 183

books in traveling libraries - 509
chemistry .

j
m igress in 1899 742-744
status at beginning of century

;
prospects,.. 202-218,246

college libraries, typical 499-502
suggestion oy Simeon De Witt 163

Colleges and Experiment Stations Association, work 530,572
organization 171

other institutions having courses in agriculture. 671
field of work for graduates .. 26
first permanent institutions 164
1 < >tal fund from Morrill land grants 168

conditions and resources, natural, study by experiment sta-

ti<ms 539
experiment stations in United States, article by A. C. True. 513-548

remarks 171
exports and imports, remarks of Secretary 46
interest, officials in charge in foreign countries 720
libraries of the present time 499-511

United States, list 757
library society at Amherst, Mass 497
machinery, influence of patent laws 319
production . causes of increase 314
products, imports and exports 822-835
publications of all countries, exchange 45
seed, early references 549
seeds, discussion 564-570
societies in United States, organization 159

Society, National , organization and work 164
teaching, relation to usefulness of results of chemical studies. 224

Agriculture, beginnings by wh ite race in America 308
division into specialties, and diversification of study 174
increase of products with increase of population 656-657
organization of secondary schools; common sehools 177
progress in United States, article by George K.Holmes 307-334
scientific, at middle of century 218-224
transition to more recent conditions 312
work of meteorologist, article by F. H. Bigelow 71-92

Agrostologist, visits to abandoned farms. 60

851
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Agrostology, Division, organization and duties 669
publications ..... 677
remarks on establishment 350
some results of work 361

plans for future work 31

progress, article by F. Lamson-Scribner _ _ . 347-366
scientific or systematic, review of work; books and writers. 362-366
special investigations of Department 354

Alaska experiment stations, remarks . 529

study of temperatures at stations 13

work of experimental nature, remarks by Secretary 34
Albatross, collection and use of eggs in Hawaiian Islands 271

Alcohol, chemical problem in production ... 256
Alfalfa, Turkestan, discussion by Secretary 62
Alfort school, views as to origin of glanders 97
Alkali lands, remarks by Secretary on reclamation . . 26

soils, note on question of forage crops 31

notes on dangers of irrigation 341 . 343
problem of grasses. 355
study and mapping in arid regions, note 24
value of salt bushes and salt sages . _ . . _ 360

Allegheny Mountains, conservative forestry 421
Alvord, Henry E., article on " Dairy development in the United States ". 381-402
American dairy products, lack of supervision ... 47

food products, note on investigations 35
locomotive engine, popularity 650
ornithology, development . 259-261

Ammonia, formation in oxidizing of amins ... 742
Liebig's view of its place in plant nutrition 222
note on accumulation in soil .

.

251
Angus cattle, importation for breeding 633
Animal diseases, development of knowledge, article by D. E. Salmon 93

work of experiment stations 546
husbandry, lack of scientists 37
industry, need of education 67

work of the Government, article by George F. Thompson 441-465
Anthrax and blackleg, comparison 123

nature demonstrated by exxieriments 122
(or charbon) , discussion 113-120
persistence of contagion in soil 116
rods, observations ... 117
virus, failure of killing with compressed oxygen _ 119

Antivivisection societies, remarks as to effort for legislation 101
Apple blight, note on cause and remedy 193

Apples, improvement; origin of well-known varieties 478
note on production of American varieties 465

Appointment Clerk, Department of Agriculture, duties 667
Appropriations for Department for 1898, 1899, and 1 900 670
Arbor Day for schools, establishment and observance 306
Arboretum, proposed, discussion by Secretary 66
Arid public land, need of reform in management 602

region, appearance and resources 598
methods needed for development 607

regions, water-right problems 597
Arizona, civilization in Salt River Valley 599
Army officers, assignment to duty in weather service 79
Arnold, James, establishment of arboretum at Bussey Institution 514
Arsenic and arsenical compounds, remarks on use as insecticides 147, 148, 149
Arthur, J. C. , work at Geneva, N. Y. , on diseases of plants 193
Ash in plants, notes 222
Ashes, early ignorance of valuable constituents 208
Assistant Secretary of Agriculture, duties 667
Association of Economic Entomologists. (See Entomologists.)
Associations of agricultural scientists, relation of Office of Experiment Sta-

tions 530
Asters, remarks of Darlington as to varieties 570
Attorney-General, opinion on use of experiment station funds . 32
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Atwater, Professor, share in establishment of experiment station work in
Connecticut 516

W. O. . studies of nutrition 405, 406, 407, 409, 410. 530
Audubon societies for study and protection of birds 710

Aughey, Samuel, study of foods of birds of Nebraska 262

Australia . note ou failure to stamp out pleuro-pneumoma ... 110

Australian saltbush, value and introduction 360

Babcock, S. ZNI., invention of tester for fat in milk . 395
son, Herman, review of literature of agricultural education 157

Bacillus an th rods, note; experiments 120,122
ellenbachensis a, note 249

Bacillus of blackleg, notes 123

glanders, remarks 100

threads in anthrax, notes 118

1 ;.i m, sale of American product under Irish name 46
Bacteria injurious by dec: imposition of nitrates 252

work of supplying nitrogenous food for plants 248, 249,

etiological investigation of soils 342

Bailey. L. il. . leadership in extension of agricultural education 178

Professor, remarks as to varieties of vegetables 567

Baldwin. Mathias, early construction of locomotive _ .

.

647

Balloon voyages in weather service, note 91

more and Ohio Railroad, building and operation 646

Barberry, n ites on relation to wheat rust 192

Barley, acreage, production, etc., statistics 761,767,778,785,790,795,798,806
Manshury, introduction by Wisconsin station 543

Barthelemy, remarks on production of anthrax in horses and sheep 115

.F.E.L.. study of birds, notes 265,266

W. J., n< »te on work on grasses 381

i devoted to growing seed 560

development of varieties 567

Bear River Canal, irrigation, loss 596

Beck, Lewis C., chemical study of breadstuffs 235

Bee keepers' associations, national, sectional, and State . 708-710

Bi . notes on study 15

lier,Henry Ward,remark on early fruit trees in Indiana 471

breeds, thr< se leading, remarks 632

sugar, chemical study; new factories .. 744

manufacture . . . . - 254

notes on work of Chemist and others. . 15

Beggar weed. Florida, value for succulent forage ,. _. 624

Berkshire Agricultural Society, memorial for national board of agriculture 162

Bert. Paul, experiments in killing anthrax germs 119

BESSEY, Ernst A., and HERBERT J. Webber, article on " Progress of plant

breeding in the United States"* 465-490

Bibliography of meteorology, note --- 87

Bigelow, F. H., article on "Work of the meteorologist for the benefit of

agriculture, commerce, and navigation " 71-92

Biltmore, N. C. systematic management of forest of G. W. Vanderbilt .-- 422

Biological Survey, Division, establishment 264

organization and duties 669

publications 679

review of work on value of birds 264-267

Bird Day in schools, note on establishment 267

stomachs, notes on studies 16,264

Birds and game, officials and organizations concerned with protection. _ _ 710-717

beneficial, study by Biological Survey 266

bounty laws for destruction 279-282

commercial uses, discussion 267-278

investigations of value 261-267

measures for destruction, preservation, and introduction 278-290

of Nebraska, study 262

Wisconsin, investigation, note 263

supposed injurious, investigations of Biological Survey 265

Bisulphide of carbon, use against insects in stored grain 152

Blackberries, improvement, remarks 481
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Blackbirds, study by Biological Survey .

_

t 268
Blackleg descriptions from observation 121

loss, remarks by Secretary 49
remedy 124
(symptomatic anthrax) , discussion 120-124
work of Bureau of Animal Industry 454

Blakeslee, O. S. , work on calorimeter 409, 410
Blastophaga grossorum, probable usefulness in fig industry 15, 154
Blight of pear and apple, note on cause and remedy 193
Blood corpuscles, red, study in Texas fever investigation 132

remarks on efforts to discover circulation 94
use in inoculations of anthrax 115

Blount, A . E. , improvement of wheat 487
Blue grama and side oats, remarks: _ 357

as means of reclaiming range lands 29
grass, seaside, recent discovery of, Division of Agrostology 354

use . - 30
seed, progress in methods of cleaning 566
sowing for grazing in woodland 421

grasses, notes on varieties and value 355
Boards of trade, publication 322, 758
Bones as manure, value recognized by Davy 212
Books. (See Libraries.

)

Boophilus bovis, investigation of connection with Texas fever 131
Bordeaiix mixture, accidental discovery 195
Borden, Gail, organization of condensed milk industry 389
Boston Public Library, agricultural books 506
Botanic garden, note on establishment at Harvard 161
Botanist of Department of Agriculture, seed testing 572
Botany, [Division, organization and duties 669

publications 679
note on systematic work of experiment stations __ _ 535

Bouley, H. , inociilation of cow with eruptive diseases of horse 107
views as to glanders. . 97, 99, 116

Bounty laws for destruction of birds 279-282
Boussingault, notes on work in agricultural chemistry 219, 247
Boutet, report of study of anthrax at La Beauce, France. 116
Bran, shipments abroad 47
Bread, adulterations, note 236

difference from hard and soft wheat flour 216
Breeder, American, work in improving live stock, article by John Clay, jr. 627-612
Breeders' associations, lists . 691-697

early, of cattle, some of difficulties 628
Breeding cotton, note on proposed work 18

incestuous, effect on breeds of cattle 635
new era accompanying use of pedigree 634
of live stock, remarks on uniformity 641

plants, note on work 200
Breeds, battle, in improvement of cattle 636

beef, three leading, remarks C33
Breese, Albert, production of Early Rose potato 485
Brewer, William H. , and Samuel W. Johnson, early work for agriculture. . . 515
Brinckle, Dr. , experiments in improving raspberries 481
British markets, American dairy products 464

railway companies, freight rates 663
Brome grasses, varieties and uses 358

smooth, note on vitality 29
Buckham, President, of Vermont University, remarks on Morrill act 170
Buckwheat, acreage, production, etc. , statistics 762-768, 786, 796
Bull

, Ephraim , discovery and improvement of Concord grape 476
Burbank, Luther, production of varieties of plums by hybridization 480
Bureau of Animal Industry, authority and work given by organic act 441

blackleg work. 454
distribution of blackleg vaccine, notes 49. 1 24
inspection service 456-464
organization and duties G68
publications 678
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Bureau of Animal Industry, relation of plenro-pnenmonia to creation 112
triumph in eradication of pleuro-pneunionia . - 443
work against Texas fever 448-452

Burrill. T. J., note on articles on parasitism of fungi 193
Bussey Institution, work for agriculture 837
Butter and cheese factories, establishment: management ... 384. 3S7

Danish, note on adaptation to tropical markets 47
expi nts. remarks by Secretary 52
fat, chemical study *

744
improvement in quality 401
list of varieties . 330
making, growth and changes 400

States, important, list 401
milk, and cheese, early methods 382, ::s:>

notes on substitution of oleomargarine 244
wholesale prices in leading cities _ 811
workers, various models 390

oducts in starch making, value _ _ 253*
of dairying, remarks 401

Caldwell. G. C. . work for agricultural chemistry 228, 229
California and Colorado, cooperative colonies 593

early irrigation 591
original use of hydri tcyanic-acid gas as insecticide 150
University, work at College of Agriculture 20s. g 1

4

CaL >rimeter, notes on forms and use 409. 536
( !anada . system 1 >f government control of export of dairy products 52

idian animals (hogs) inspection, note 49
provinces, note on weather, reports 89

< Janaigre, utilization through chemical research, note 256
Canals, insufficiency for transportation 643,645

irrigate >n, corp >rate, objections, losses 594. 596
Cankerworms, recommendations of use of Paris green 147
Canning, preserving, and refrigerating, development 328
Carbohydrates, notes on relation to plant nutrition 219. 221
Carbonic acid, note on relations to plant growth 219
Carbnncular fever. (See Anthrax.)
( 'aid index of experiment station literature, remarks... 528
( iarey act for reclamation and disposal of public lands by States 604
Caribbean Sea. weather bureau stations, notes 9,11
( 'astiUoa < lastica, rubber plant, note 62
Catalogues of Department Library, notes 44
Catawba grape, origin 475
Caterpillar, salt-marsh, subject of early study - 136
Cattle and sheep industries compared 629

percentages of losses at sea 459
breeders' associations, list 691
breeding, relation of Shorthorns, discussion 637
contagious pleuro-pnenmonia, discussion 109-113
feeding, note on availability of principles to farmers 232

- fever. Southern, or Texas fever, discussion 124-134
food, usefulness of sorghum 243
foreign, protection [of domestic] from contagion 691
industry, discussion of extension 627
infectious, efforts to separate in measures against Texas fever 128
inoculation of Northern with blood of Southern cow 132
inspection for export 456
Northern, study of ticks in Texas fever 131
note on inspections for export 49
number and value 818, 820
owners and shippers, confidence in Bureau of Animal Industry 444
problem of grading up as affected by Texas fever 133
Puerto Rican. susceptibility to Texas fever 49
ranges of Southwest, note on overstocking 349
reduction of insurance rates as result of inspection 458

losses from blackleg by use of vaccine 455
regulations for transportation for control of Texas fever 449
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Cattle slaughtered on account of pleuro-pneumonia, payment of owner 444
Southern, study of relations of ticks in Texas fever 132
work against Texas fever of Bureau of Animal Industry 448-452
young, immunizing in work against Texas fever 134

Cavalry horses ( French) , spread of glanders 97, 99
Ceara rubber tree, success of plantations 62
Census, federal, note on relation to crop-reporting system. 54

Office, policy in regard to farm property, etc 321
Centennial Exposition , reference in report of Chemist 240
Cereals, first crops, date; production 309, 324

improvement, remarks 486
study by Division of Chemistry 243
vegetables and cotton, diseases 751

Chabert, remarks on anthrax 109, 114, 121
Charbon, note on article by Renault and fteynal 115

or anthrax, discussion 113-120
study of rods by Delafond. __ 117

Cheese, American, note on position in British markets 464
and butter factories, establishment; management 384, 387
butter, and milk, early methods 382, 383
list of varieties 330
loss of market of Great Britain by lack of inspection 52
making, growth and changes 4.00

note on loss of American trade with Great Britain 47
wholesale prices in leading cities 813

Chemical and physical investigations of soils, remarks by Secretary 28
composition of food materials, note on investigations 405
investigation of soils, discussion . . 339, 341
substances in soil, statements by Sir Humphry Davy 203, 204
technology, agricultural 253-258

Chemist, remarks of Commissioner Newton on work 237
Chemistry, agricultural, lectures of Dr. Trommer, note 226

promises of advantages from full development 245
Division, discovery as to elements of humus in plants. 220

lines of work since 1883 242-246
organization and duties; publications 668, 680

in Department of Agriculture, discussion 235-246
relation to chemistry at present time, discussion 224-258

progress of agriculture, article by H. W. Wiley ._ 201-258
review of early knowledge of relation to agriculture 216
r61e in agricultural colleges and experiment stations 226

Chemists, [of Department] reports, remarks . . _ 237-242
Official Agricultural, Association, promotion of agriculture 229-231

Cherries, two early kinds in America, note 468
Cherry Crab, origin of apples for northern Mississippi region 479
Chicago, efforts for weather forecasting 77

Public Library, agricultural books 507
Chief Clerk , Department of Agriculture , duties 667
Children and animals, inoculations with smallpox 108
Chinese sand pear, use 478
Chittenden , Professor, note on nutrition investigations 404
Chlorin , results of chemical study 742
Cholera, hog, treatment, remarks by Secretary '.

. 50
Churns, numerous patents 391
Cigar industry and Connecticut tobacco 431
Cigars, cigarettes, snuff, and manufactured tobacco, statistics 438
Clay, Henry, early importation of cattle 633
Clay, John, jr., article on "Work of the breeder in improving live

stock " 627-642
Cleaning and harvesting grass and clover seed 565
Climate and crop bulletins, discussion 87

service of Cuba and Puerto Rico 12
Cloud observations, international, note 91

Clover and grass seeds, remarks .-. 564
leguminous crops, early recognition of value to soil 217

note on early attention * 348
seed trailer; mill for cleaning seed 565

Clovers and other legumes, value for succulent forage 621 , 622, 623, 624
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Codling moth, early recommendations for rise of arsenicals 147, 148
Coffee, remarks <m imports from island possessions '

(10

College courses in agricultural colleges, entrance requirements 176
agriculture

. . 182
libraries, agricultural books 404

Colleges, agricultural, and other institutions having courses in agriculture. 671
Morrill Act for endowment. .... 1 66

and Experiment Stations, American Agricultural. Association. 171
of agriculture, development during closing decade of century 173

short and special courses 186
Colman, Norman J., calls of conventions in interest of agriculture 171, 518
Colonial conditions (of agriculture), early 308, 882
Colorado and California, cooperative colonies '

5;)3

Colored si udents, list of separate agricultural colleges 183
Columbia College, grant to trustees for teaching agriculture 161
C< dumbian Agricultural Society, organization and fairs 161

Exposition, World's, exhibit of experiment stations 521
Commissioner of Agriculture, report on ensilage in 1882 617
(

'1 tmmissioners of Agriculture, State list.. 686
Common schools, early call for agriculture 162

eff< irts for introduction of agriculture 189
remarks by Secretary on agricultural teaching 6!)

Comstock, J. H. . work for economic entomology, note 141
( Joncord grape, discovery and improvement 476
Condensed milk industry, beginning 888
Congress, acts for benefit of agriculture, notes . 53,

71
. 78, 79, 141,264, 274, 276. 351,410, 427, 506, 518, 520. 752

distribution of seed and plants through Members, note 55
Library, agriculture 506
relation to early road building ..... 372

Congressional acti< >n regarding road building 374
publications, list 677

Connecticut leaf ( tobacco) , note on improvement 27
library with farmers' reading course 508

Contagion from foreign cattle, protection ... 691
of anthrax, persistence in soil. 116

sheep scab, spread, remarks by Secretary 51
Texas fever, peculiar features 127

Contagious pleuro-pneumonia of cattle, discussion 109-113
work of Bureau of Animal Industry. 442

Contagiousness of glanders, discussion 96, 97, 98
(

'< h ikery and domestic science, schools, attention to nutrition, note 413
Cooper, Joseph, early work in plant breeding 470

Peter, operation of locomotives on curved road 647
Cooperation ami >ng M< trmons and in Colorado and California 593
Corn, acreage, production, etc. , statistics 759, 765. 775, 783, 788, 793, 799

cultivatii >n and harvesting, progress . 331
cutting and gathering, 1899 730, 731
early use of fish as manure 209
improvement 471,488
note on crossing 19

sales to Denmark 4g
planters, notes on patents, etc 316
planting, 1899 721, 724
remarks on races found among American Indians . 466
value as crop for succulent forage 620

Cornell University agricultural libraries 501
extension of agricultural education 178
note on nature teaching 69
work in agricultural chemistry 228

Corporate canal building, remarks. 594
Corse, Henry, experiments with plums 479
Cotton, acreage, etc., statistics 764, 771, 772, 773, 787, 792, 797, 815

controlling position of product of United States 325
Egyptian, discussion by Secretary 64
exchanges, character and purposes 322

list 758
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Cotton gin, note on invention and usefulness 319
improvement 471, 490
monthly return of transportation companies 54
picking, 1899 730, 731
planting, 1899 721

study of disease 18
seed, growth of use 329

oil exports, development 325
the world's consumption 772
vegetables, and cereals, diseases 751

Cow feed, note on sales to Denmark 46
Cowpox, discussion of origin, etc 102, 104, 107, 108
Cows, notes on yield of milk and butter 392

number, and quantity and value of dairy products 402
Cream, mechanical separation 393
Creamery butter, damage to trade in England by '

' process " butter 52, 53
Crop and climate bulletins, discussion 87

Weather Bureau service in Cuba and Puerto Rico 12
weather conditions, season of 1899 720-743

production, extracts from censuses 324
reporting system of Division of Statistics, remarks by Secretary 54

Crops, agricultural, remarks on early knowledge of composition 213-216
and values , effect of railroad extension 336
field, practical tests by experiment stations 538
first, in agriculture of United States, dates :.. 309
for succulent forage, discussion 614, 620
methods, and industries, work of experiment stations 542-545
minor, for soiling, pasturage or silage 625
principal and farm animals, statistics 759-821
saving in cost of producing 333

Cross-fertilization, notes on use in improvement of plants . 472
Crossing of plants, notes on work of Fairchild, Knight, and others 469
Crow and crow blackbird, study by Biological Survey 266
Cuba and Puerto Rico, climate and crop service 12
Cuban tobacco, Florida grown, notes 437, 438
Cultivation and harvesting of corn, wheat, etc 332
Curriculum, older, for teaching agriculture, division of subjects 174
Custis, George Washington Parke, "sheep shearings" at Arlington, Va 160
Cuthbert raspberry, note on origin . 480
Cyclone nozzles, invention and use, notes 153,196
Cyclones, observations and discussion by Redfield, Espy, and others 74, 75, 76

remarks on forces in production 92
West Indian, notes on warnings. 9,11

Dairy and creamery apparatus, work of experiment stations 537
farm, succulent forage, article by Thomas A. Williams 613-626

application of laws of mechanics 389
cattle, introduction and herd improvement; breeds 391
development in the United States, article by Henry E. Alvord 381-402
industry (growth of) organization; list of officials 399, 688
practices, sample of changes . . - 398
products, American , lack of supervision 47

chemical researches 234
diversification 330
experimental exports, remarks by Secretary, etc 52,464
note on sales of Danish and American in British markets.. 46
quantity and value and number of cows 402
State standards 752

school, education of butter and cheese makers 186
schools, note 399

Dairying at the present time... 397
features of factory system 386

Dairymen's associations, organization 391
Daniels, George H. , remarks on railway passenger service and rates 663
Danish imports from United States, remarks on study by Secretary 46
Davy, Sir Humphry, classification of vegetable substances 214
Delafond, study of enzootic disease (anthrax) at La Beauce, France. 115
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Delaware grape, origin 476
Department of Agriculture, cooperation with experiment stations 525

Library 504
promotion of reading among farmers 511
summary of work of Divisions .. 9-1

1

United States, oi'igin 1G5
usefulness, remarks by Secretary 44

De Saussure. notes on work in agricultural chemistry 219. 247
1 N isert-land law, operation 003
Dewey. Melvil, origination of traveling libraries 509
Dietaries, studies ._ 407. 408
Digestion experiments, work of experiment stations 537
Dips for sheep scab, remarks 453
Disinfect ion f< >r pleuro-pneumonia, notes 443, 444
Documents, Superintendent, notes on duties 676
Dogs, early laws: association of breeders. 209, 697
Domestic animals, construction of calorimeters 412

dates of first use in United States 310-312
Downing. A. J. . suggestion of cross fertilization 472

Mr. . note on plan for arboretum at capital 66
Drainage, artificial, recommendation for alkali lands 26
Dried fruit, relation to San Jose scale 15

Droughts in fruit season of 1899 748
Drugs, native discussion by Secretary. 63

East Indies, experiments with rubber plants 62
Economic entomology, entomologists, etc. (See Entomology, etc.)

Eciopistes migratorius, notes on extermination 269
Education . agricultural, beginning 161

discussion by Secretary 67
in 1900, American system 181

the United States, article by A. C. True 157-190
importance of farmers' institutes 187
instruction in forestry 305
of farmers, devel< >pment of general agencies 181

scientific and technical, development 165
Educational results of experiment stations work 547
Eggs of birds, discussion of uses 270-272

wholesale prices in leading cities 812
Egret, destruction for feathers 273
Egyptian cut ton. discussion by Secretary 64
Eldridge, Maurice O., article on" Progress of road building in the United
States" -. .- 367-380

Electrical method of moisture determination 344
Eliot, Jared. notes 158,416
Ellsworth, Henry L. , notes. 165, 513
••Emergency warnings" in weather service, note 90
England, Midland Railway, passenger rates 663
English sparrow, introduction (see also Sparrow) 287
Ensilage, remarks on practice, value, etc 616, 617, 620
Entomological Commission, United States, appointment and membership. . 141

investigations; writers 13S, 139
Entomologists, economic, founding of association 142
Entomology, beginning of general interest 141

Division, first importation of ladybird, enemy of fluted scale. . 154
organization and duties 668
publications 680
use of hydrocyanic gas against insects 150

economic, commencement of Government investigations 138
present standing of United States . 1 55
progress in remedial discoveries, discussion 144-153

United States, article by L.O.Howard. 135-158
some of the workers and causes of success 136

work of experiment stations 545
Enzyms, note on relation to flavor of tobacco -27

Eucalyptus, planting in California, note 428
Europe as market for cattle, development 631
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Europe, investigations of pleuro-pneumonia 110
seed-testing work 571

European pear, success on Pacific coast 477
vines, attempts to cultivate in America 197

Ewell, E. E., outline of relations of nitrifying organisms to agriculture 246
Experiment station, attempted establishment by private funds 517

subject of fertilizer control . 338
Station Record, publication 527

Experiment stations, agricultural, and agricultural colleges, association. _ ... 171
collaboration with Division of Chemistry 245
dissemination of information 540
establishment; duties 516,518,519
in United States, article by A. C. True. 513-548
locations, directors, and work 672-075

growth; general results of work 521-525, 542-548
help from Office of Experiment Stations 521 , 526
lines of work 533-542
national and State aid, remarks by Secretary 32
Office, cooperative nutrition investigations 411

establishment and work 526
organization and duties 668
publications 681-6S3

organization 531
removal of obstacles to agricultural industries . 546
role of chemistry 226
State agricultural , applied agrostology 362

entomological work 141
systematic agrostology 366

Experimental work with minor insecticide substances 152
Experimentation, necessity in investigation 94
Experiments, agricultural, agencies for conducting 320
Export animals, inspection before shipment ... 456

statistics of microscopically inspected pork 463
tobacco, curing and uses 430, 434
trade in seed 557

Exports, agricultural , statistics of development 325
experimental, of dairy products 464
of agricultural products; average prices 829-835, 838-839

cheese to Great Britain , beginning 384
cotton from United States ... 771
leaf tobacco from the United States, statistics 439. 440
principal crops, statistics . . 759-771

Factories, beet sugar, new 744
cheese and butter, establishment; management 384, 387
'

' gathered cream," radical change in dairying 388
Fairs (agricultural) , for educational purposes 160
Farallones, collection of birds' eggs . . 271
Farcy and glanders, discussion 96
Farlow, W. O. , articles on plant diseases 193
Farm, and dairy, succulent forage, article by Thomas A. Williams 613-626

animals, number and value 818-821
crops, influence of transportation facilities 335
prices, average per bushel for principal crops 793-7H7

Farmer, assorting of tobacco 435
care for soil micro-organisms by management of soil 252
education by experiment stations 547
effect of irrigation - 610
Massachusetts, colonial methods of farming 309
need of libraries 491

relation of sportsman in regard to game laws 283
Farmers, agricultural libraries 508-511

Alliance, aid in general education of farmers 181

American , capacity for use of libraries 493
bird biographies by S. A. Allen 261

bulletins, notes 676

on abandoned farms, note 60

remarks by Secretary on publication 43
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Farmers' bulletins, series from Office of Experiment Stations, note 34

claims to water rights 596

ci m iperation in grass and forage plant investigations 30

el< »pment of general agencies for education 181

growing of seeds by contract 560

information on principles of animal nutrition... ^ 232

institutes, development, etc.: officials . 170,171, I s *
•'j'-'

participation of experiment stations 541

lumbermen and others, practical assistance in forestry 303

market, enlargement by improved methods of keeping products. 328

methods < if protecting woodlands - 423, 424

National Congress
:

.-----
'

!

>

n. >te on response to efforts for technical courses m agriculture. . . 109

notes on assistance in forestry investigations 22

present conditions and prospects of education 183

provision for reports from experiment stations 540

reading cur-.-. Inauguration and extension 179

methods, purposes, and officials <17

with libraries 50S*

Farming, books. {Set Libraries, agricultural.)

diversified, cause of Mormon prosperity -- 5»j>

feature i >f irrigation 610

Farms, abandoned . discussi* »n 1 -y Secretary 60

for growing seed, establishment .--:--- - - - -
;-

-

01 ,
Xl

number and acreage, size, machinery, etc., statistics &&s,t»4,<uo

Fat test for milk, remarks on invention of machine for making. 395

Feathers, birds, remarks on use -- 27-

Feeding of animals, chemical researches------- f*
Fermentation, early views of value m fertilization 1 u,-ib

relations of micro-organisms, list of investigators '-jU

Ferrel. William, first analytical description of motions of the air 75

Fertilizati. in, study. . - - - - -
*™

Fertilizer control, subject of early work at experiment stations dd8

manufacture, relation of chemistry £57

Fertilizers and manures, early knowledge t)^
e. uumercial. w< >rk of experiment stations »**

devel< ipment of manufacture and use 62, , 66b, 661

Fertilizing value of guano,note '---

Fescue grassi S, varieties and uses... 60i

Fever. Texas, i S< e Texas fever.)

Fil.er investigate >ns, pul >licati< >ns_ «»
Field cr< >ps, practical tests by experiment stations 06ts

products, note on kinds to be exported £>*

Fig industry in California, note on probable usefulness of insect 155, .
4J

Fire, danger ti • f< »rests; States with patrol |15

in forests, summary of laws for suppression «wu

Fires in forests, discussion ' fj£
stud v in Division of Forestry 6U6

Firewo, >d. conservative cuttings of woodland 418, 419

Fish and game, pr< itection in connection with forestry - - - - rf
no

as manure -
:

- - - — - - - ~ l
"

~

investigation of chemical composition and food value -±uo

Fitch ksa . study of injurious insects of New York >. 138

Fitzherbert, A. . first English treatise on husbandry 158

Flax crop of certain countries. 1895-1899 «*>

Flaxseed, wholesale prices in leading cities »f

«

Flies house, and mosquitoes, note on carrying of disease to

Floriculture, note on first important book {see also flowers) obj.

Florida, extermination of gulls and terns by use of eggs «*<U

grown Cud ian and Sumatra tobaccos, notes ' o^S
phosphates, note on introduction

ka~*"<i- Hk
Florists American. Society, effect of organization; business 584, 080, 58b

Flour, American wheat, sales to Denmark. ------- ----------- - *g

early recognition of difference from hard and soft wheat ^lb

grain, and meal, analysis, remarks on problems. - -3o

Flower seed, growing -



862 INDEX.

Flowers and bouquets, formality in fashion
P^ornamental plants, growing; improvement "47-, J««

cut, awakening of demand; present trade
" "

" *oo' ^c?
development of varieties

"

*«qimprovements in color, etc. , by selection of very distinct parent. " 474
relation of plant breeding to trade.

y
, PjFlovd, Marcus L and Milton Whitney, article" "on"- Growth "of "thetobacco industry".

Fodder plants, study by chemist, note
429

~o mFood adulteration, study by Division of Chemistry . £zj
work of Association of Official Agricultural Chemists

"~
331and nutrition of man. scope of investigations'

of birds, note on study fit
plants, statement by Daw on-

materials, study of digestibility.

.

rfc
products, note on work of Division of" Chemistry

"

11supply, early practices in maintaining
""

000
of plants, relation to variation of growth

t oods, evolution of varieties from farm products
nutritive value, discussion in Patent Office report"
table on comparative nutritive value , by Davy % i

«

Forage conditions, early, remarks ... p

1

q «}

«

plant and grass investigations oq £1 Sin
plants, varieties and advantages ' 'gsucculent, for farm and dairy, article by Thomas A."Williams 61 q fioflForcing houses, appearance of large establishments

" "

"
bld

ioo
ot vegetables under glass, statistics. . . "

" "

"

^
plants, art among the Romans 222

Forecast and weather map, daily, discussion °oo

328
469
327
829!

nw,^!, vvctouiiigiuii.nore on distribution. . c*
forecasting, early work in United States service.

.

2?

weather, Washington, note on distribution—mg, early work in United States service
-b orecasts of weather, note on organization £0

4.1 *
r®marks on distribution andpublication ~

89 <)0

. ,
weather, for Great Lakes, work of I. A. Lapham 'w1 oreign birds, discussion of introduction oQ-_oon

cattle, protection against contagion "

"""

' roidemand, influence on breeding of live stock at\
Markets Section, duties

"
£2*

publications "~......"l
'"

^3
Forest destruction, early efforts for prevention -'."llllll'.l 293

00

tobacco trade, requirements, discussion
lestruction, early effoi
fire legislation, review
management, problem in connection with "rubber"production"

"

'

under systematic working plans; planting ""400 *£
reserves, controversy; tables showing names, etc 995 7S-7Strees, early planting; watchmen for fire.

.

"

417 404 lo-
work, practical, participation of Division of Forestry" " "

"

"

007 oni
States having offices, list .

* ~ J ' »f£
Forester, proposed study of abandoned farms" \feForesters, increase of force in Division of Forestry"

" "

"

o
'

Forests, early efforts of private owners for management h* 418natural reproduction, note.
""

407
of arid region as source of wealth .. SJA

.b orestry associations, foundation and work .

list.
304

Division, cooperation "with'private owners "in'forest" management

"

g®8field work, remarks qqo
organization and duties """"".___ """

069
of systematic forestry 493

publications . j55
review of work "01-"04

instrnrtf™ IjT v^wW"8 devised for lands'in" Adirondack;.? 420

^o^eS^n^igSS ** °ther aSendeS--
-g

ES;sromm
' articIebyHen;^ Gra- : "^

progress in 1899 -V/.-.'.V.l."'." """~752-754
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Forestry progress in United States, article by Gifford Pinehot 293-306
schi >ols, list 703
student assistants, note; plans 21 , 22

Formalin solution, use in sweet-potato disease 18
France, views of veterinarians as to contagion of glanders 97
Franklin, note on observations of storms 73
Freight and passenger rates 660-603

rates, average in cents per ton per mile 848
early, discussion ; reduction 648, 658
of different railr< >ad companies 662, 663
on live stock and dressed meat. Chicago to New York s l

,">

miscellaneous commodities. New York to Chicago by rail. 842-15 14

packed meats. Cincinnati to New York by rail 846
t a 1 iles showing changes 660

French minister of agriculture, direction of study of anthrax 115
Avar department, experimental investigation of glanders 97

Frost warnings, note on value 84
Fruit growers, note on losses from San Jose scale 144

growing in America, remarks on early attempts 467
progress in 1899 748

industry in Pacific northwest, note 20
origination of varieties, advice of Marshall P. Wilder 473
shade, and other trees, diseases 750

Fruits, deciduous, San Jose scale as most dangerous insect enemy, note 143
note on exhibit at Paris Exposition 20
origin; new, early, directions for producing 471, 472

Fuel value of foods, note on study 409
Funds of Experiment Stations, remarks by Secretary 32
Fungi, parasitism, articles by T. J. Burrill, note 193
Fungicidal treatment, success with grapes 198
Fungicides, application by means of cyclone nozzle 196
Fungus, potato rot, ravages and study, notes 192

Uai.i.dway. B. T.. article on " Progress in the treatment of plant diseases
in the United States " 191-200

•Progress of commercial growing of plants
under glass 575-590

Game and birds, officials and organizations concerned with protection-.. 710-717
fish, protection, connection with forestry 305

1 lirds. introduction 289
laws, discussion 282-287
usefulness of birds, remarks. 268-270

Q arden calendars, early, for distribution to seed dealers, remarks 554
subtropical , note on testing hybrid fruits 19
varieties, problem of fixation 562

Gardens and Grounds, Division, organization and duties 669
publications 683

"Gardiner Lyceum," remarks on work as agricultural school 163
Gauge of railroads, economics 652
Geneva, N. Y. , study of plant diseases at experiment station 193

tester for seeds, note 571
Germ theory, application to anthrax 117

establishment in regard to anthrax 119
Germany, remarks on agricultural schools 225
Germination of seed, tests: study of chemical changes 574, 743
Gideon, Peter M. , origination of Wealthy apple 478
Ginseng, note on increase of price 64
Glanders and farcy, discussion 96-102

discovery of disease in man 98
justifiableness of inocirlations 101
mallein test, discussion .., 102

Glover, Townend, note on work for economic entomology 138
Glucose manufacture and use, remarks 244, 254
Gluten, early recognition of nutritive value 214.216

in wheat, effect of latitude on content 244
Goffart, M. August, description of method of ensilage 617
Good roads, movement in States, progress 378
Gooseberries, improvement, remarks 483
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Graders for road-making, note 42
Graduate study and original research in agriculture 182
Grain, average rates by river, St. Louis to New Orleans 841

rates, Chicago to New York 847
stored, note or remedy for insects 152

Grains, experimentation in northern latitudes; introduction . 85, 56
flour and meal, analysis, remarks on problems 585

Grange libraries, remarks 511

Grape growing, effect of study of plant diseases 107
note on diseases 194

Grapes, improvements in Nineteenth Century 473. 475
of Europe, note or experiments 20

" Grapes, the " disease of horses, note 104
Grass and clover seeds, remarks 564

garden, establishment on Department grounds 348
Grasses and forage plants, native, notes on investigations 28, 29, 30, 31

notes on valuable species 355
as sand and soil binders, remarks by Secretary 30
list of private publications . . 3c0
true, subject of science of agrostology 347

Grasshopper, Western. (See Locust.

)

Graves, Henry S., article on "The practice of forestry by private
owners " 415-428

Grazing and forage problems in the South 352
free, effect on cattle and sheep industry 630
lands of arid region as source of wealth 600

Grease, or sore heels, relation to cowpox . . 103
Great Britain, differences of veterinarians as to pleuro-pneumonia 110

importation of cattle for breeding 632
loss to America of cheese market 52

Greathouse, Charles H., article on "Development of agricultural
libraries " 491-512

Greely, General, administration of weather service _.. 79

Greenhouse insects, use of hydrocyanic-acid gas 151
Greenhouses, improvements in construction ! 578-581

iron , introduction and improvements 584
Grouse, pinnated. (See Prairie hen.)
Growing plants under glass, progress, article by B. T. Galloway 575-590

Guano, discussion of supplies and use 274-278
early use as fertilizer; remark by Davy . 212
growth of use 337
islands appertaining to United States, list; production 276, 278

Guinea corn. (See Sorghums.)
pig, note on discovery of usefulness in inoculation 101

Gulf States, note on introduction of tea culture 58
Gulls and terns, notes on destruction 270
Gypsum as fertilizer, note on early use 207

use on soils damaged by alkali containing soda 25

Hackel, E. , note on work in agrostology 364
Halle, University, first professorship for teaching agricultural chemistry _

.

204
" Halloek Code " for cooperative legislation for game 284
Harrington . Professor, administration of weather service 79
Harris,Thaddeus W. , first official entomologist in Massachusetts, work 136
Harvard College, books on agriculture in library in 1790 495

subscriptions for endowment of professorship 161
Harvesters and self-binders, notes - - 319
Harvesting and cultivation of corn, wheat, etc 332

of seed 564
Harvey, experiments for discovery of movements of heart and blood 95
Hatch Act, for experiment stations, notes on passage and purpose 1 72

notes; limitations on funds for experiment stations 517, 519, 521
Havana seed leaf tobacco, note on growing in Connecticut 57

Hawaii, Commissioner of Agriculture and Forestry - - 687
introduction of foreign birds 290
note on agricultural possibilities 60

Albert Koebele's work in economic entomology 154

need of experiment station 33
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Hawaiian Islands, collection of albatross eggs 271

Hawks and owls, study by Biological Survey, and bulletin 865

Hay. acreage, production, etc., statistics 764,770,787,792,797,808
for the South, remarks 353

Haying. 1899 726

Haymaking, pr< tgress 332

Heart, experiments of Harvey for discovery of movements 95

Heating greenhouses, improvement - 578
Hemp, discussion by Secretary 64

Henry. Professor, weather maps under supervision 77

Herbarium of Division of Agrostology, notes.. 31,366
Herd improvement for dairy cattle, remarks 391

Hereford, breeders, struggle f< >r place among cattle 636
• at tie. importation for breeding 332

Herons, destruction for feathers ... 273,274

Hi vect brasiliensis, rubber plant, note 62

Highways, national, movement - 372

Bifgard, E. \Y.. work 228,340,302,515
Hog and sheep pasture, use of woodland.. 422

carcasses, microscopic inspections 48

cholera and sheep scab, work of Bureau of Animal Industry 452
treatment, remarks by Secretary 50

use of serum, and " stamping out," notes 453

slaughtered, parts taken for inspections 462

Hogs, inspect ion for export (*< < also Swine) 456

Holmes, George K.. article on "Progress of Agriculture in United
. 307-334

Home reading courses in agriculture 188

Homestead law, lack of adaptation to the arid region 603

Honey, substitution of glucose .. 244

Hops." crop of certain countries; wholesale prices 780,809

Horse breeders' associations, list 693

inoculath >n with virus of glanders from man 98
pox. cowpox. variola, discussion 102, 107, 108

rediscovery of variola.. 105

Horses, American, remarks of Secretary on market 57

and products, provision for inspection 460

sheep, production of anthrax 115

in Fiance, early : pread of glanders 97
number and value 818,819

Horticultural and kindred societies, list 704-708
exhibit for Paris Exposition, note 20

investigations of experiment stations 545
plants, practical tests by experiment stations 53S

Horticulture, practice among the Romans and subsequent neglect 595
work of experiment stations 536

Hot water, introduction in heating greenhouses 579

Hotbeds, f i ireing of vegetables 579

notes on early constructions. .. 582

Hough . Franklin B. . app dntment to report on forest products 301

Houghton Farm, experiment station, account 517

Houghton's Seedling gooseberry, production 483

Hovey. C. M. . improvement of strawberry, etc 472, 473, 580

Hovey's Seedling strawberry, development and introduction 482

Howard. L. O., article on "Progress in Economic Entomology in the
United States " 135-156

Huller. clover, evolution 565,566
Humus, elements, notes on entrance into plants 219, 220

new facts in chemistry 742

study by Chemist, note 240

Hurricanes, discussion by Redfield. Esby . and others . _ 74, 75

Hybrid raspberries, parentage of Dictator and Caroline 481

Hybridization in tea culture, note 58

note on use in improvement of plants 472

of plum, blackberry, and raspberry 480,481

Hybrids, compound, usefulness 474

first exact knowledge 469

of grapes and pears, remarks 476, 477

1 A 99 55
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Hydrochloric acid, use in making glucose 254
Hydrocyanic-acid gas, use as insecticide, remarks 150, 152

Illinois Board of Agriculture, library 504
destruction of native cattle by Texas fever 126

Immigration, flow from Europe into United States G55-656
Import animals, inspection and quarantine 457
Importations of cattle for breeding G32
Imports, of agricultural products

;
prices 822-828, 836-837

India rubber, discussion of trade, supply, etc., by Secretary ... 61

Indian corn, analyses, note (see also Corn) 238
Indians, beginnings of agriculture. .. 307

selection of corn for seed 468
Injurious insects, principal, of 1899 745-748
Inoculation experiments in study of glanders 98, 99, 100, 101

Texas fever investigations 130
transmission of anthrax to domestic animals ......_ 116

Inoculations and exposures, experimental, success 113
experimental, upon animals and children, remarks 106,108,122

Insecticide, introduction and use of Paris green 146, 149
Insecticides, machinery for distributing 152

study by Chemist, note 240
Insects in greenhouses, use of hydrocyanic-acid gas 151

injurious, early remedies 144, 146
to wheat, cotton, etc., report by Townend G-lover 138

principal injurious, of 1899 745-748
Inspection and quarantine of animals and products 456, 457, 459

of dairy products, indorsement . 53
pork, reduction of cost 464

work of experiment stations 540
Inspections, animal, number and cost 48

Instrumental equipment of weather service, note 84
Insurance rates on cattle, reduction as result of inspection 458

International simultaneous observations, note 86

Iowa, notes on treatment of hog cholera 50, 453

Irrigation and cooperation, remarks 608, 610, 611, 612

canals, losses 596
growth and need of better laws 601

in Louisiana an d other Southern States, notes 39

relation to alkali soils, notes . 25
influence upon people and country 609

investigations by office of experiment stations 530
remarks by Secretary _ 36, 37, 40

modern, beginnings 592

present and future 600-612

rise and future in United States, article by Elwood Mead 591-612

Isabella grape, introduction 475

Island possessions, note on experiments with rubber plants 65

Isonandra gutta, rubber plant, note 62

Japan clover, value for succulent forage 624

introduction of rice 63

order for tobacco, note 436
plum , use in hybridization 480

Japanese barnyard millet, note on use in New England and South 30
Jefferson, agricultural books. 496

Thomas, note on weather observations 73
Jenks, J. W. P. , study of food habits of robin 261

Jenner's discovery of preventive of smallpox 103

Jersey cattle, booms, remarks 636
Johnson, Samuel W., and William H. Brewer, early work for agriculture .

.

515

work in agricultural chemistry, note 227

Jones, A. N. , improvement of wheat 487

Judd, Orange, gift t< > start < xperiment station in Connecticut 516

Sylvester D. , study of birds 360
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Kafir corn, value for succulent forage .. 625
Kansas, interesting letter on tree planting 428
Kedzie. Professor, mixture of arsenic and soda as insecticide- 149
Kentucky, note on extension of tobacco industry 430

production of hemp 64
Kerosene, use against insects 149, 150
Kill >orne, P. L. , experiments in Texas fever investigation 131
Kites, notes on use in weatner service. . 91
Kiushu rice, notice of introduction 63
Knapsack pump, notes on first use and on forms 196
Knight, Thomas Andrew, plant breeding, note 469
Koebele, Albert, note on introduction of ladybird enemy of fluted scale 154

Laboratory buildings, new, discussion by Secretary 65
Ladybird (Novius eardinalis), usefulness against scale insects 154
Lafosse, Professor, teaching regarding glanders 96, 106
Land donated and institutions benefited under the Morrill Act 168

grant colleges, note; general statistics 169,185
remarks by Secretary on register of graduates 68

Office, General, part in management of forest reserves 297
public . relation to progress of agriculture 313

Lands, public, appropriations from sales for building roads 374
W< >rn-< mt . improvement, remarks 234

Larus atricilla and L. occidenUdis, notes 270,271
Lavoisier, notes on work 77,203, 220
Law for agricultural educate >n in Missouri, note 69

homestead , lack of adaptation to arid region 603
Lawns and lawn making, notes 354
Laws against Texas fever, early enactments 126

better, for irrigation, need 601, 605
bounty on birds, list for century 280
< larly, protecting forest-bearing land _ 293, 294
for benefit of agriculture, work of experiment stations - 546

protection of birds 282-287
organic, establishing the weather service 71
patent . influence on agricultural machinery 319

Lawton blackberry, introduction 481
Lead, arsenate, note on use as insecticide 149
Leaf tobacco, exported from the United States, statistics 439
Legislation, early, against Texas fever 125

1 < >r suppression of forest fires 300
need f( >r export inspection of butter 52
on water rights, need 37
road, note.-. 41

Legumes, other, and clover, value for succulent forage 621
Leguminous crops, early recognition of value to soil 217

forage plants, native, note on use 29
plants, note on early attention 348

supply of nitrogenous food by bacteria 246
Lettuce, varieties on trial grounds of Department, note 567
Libraries, agricultural, development, article by Charles H. Greathouse 491-512

for fanners 508-511
of United States, list 757
growth and size 497, 498

for farmers
,
permanent, suggestion 511

Library of Congress, agriculture 506
Department, review of work by Secretary 44

work; publications. 670, 683
Weather Bureau, notes on growth and contents 87, 505

Liebig. remarks on work 218, 221, 222
Liebig's theory of plant growth 337
Life zones, note on mapping on the Pacific coast 16
Lightning, loss of life and property, remarks. 13
Lima beans, evolution of varieties 587
Lime-and-sulphur dix> for sheep scab, composition 453
Linseed cake, note on value according to Davy 211

importance of nitrogenous by-product for dairy cow 47



868 INDEX.

Page.

Liquid manures, notes by Kliyogg on collection and use 206, 207
Little Dutch tobacco, note 487

peach disease, note 18
Live hogs, wholesale prices in leading cities 814

stock and dressed meat, rail rates, Chicago to New York 845
Association, National G88
improving, work of breeder, article by John Clay, jr 627-642

Locomotive, improvements 645, 646,650, 652
Locomotives, wood-burning, relation to freight rates 659
Locust, Rocky Mountain, purpose of U. S. Entomological Commission 141
Locusts, profit of planting 427
Lodeman, E. G-. , suggestions of remedies for insects, etc 147, 148, 149
London purple, use as insecticide 149
Louisiana experiment station, change of management 32

production of rice, remarks . . 63
Lumbering, conservative, discussion 419
Lumbermen, farmers, and others, practical assistance in forestry 302

in South, instance of forestry . . 421
note on cooperation in forestry investigations 21

Lyme grasses, remarks on varieties and uses 356

Macadam and Telford, introduction of broken-stone roads 371 , 372
Machinery, agricultural, early problem of transportation 376

economic results of use 331
Machines and implements, agricultural, progress 314
Madison, James, extract from letter on agriculture 163

note on weather observations 73
Mails, rural, note on promotion of free delivery 41
Malaria, human, analogy of Texas fever protozoan organism to parasite 133
Mallei, Bacillus, note 100
Mallein test for glanders, discussion 102
Manihot glaziovii, rubber plant, note 62
Manning, Robert, collection of Massachusetts Horticultural Society Library 503
'

' Manual labor " schools, remarks 163
Manufacture of tea, means, note 59
Manure and coarse straw, effect of application to soil 742

for corn, early use of fish 209
Manures and fertilizers, early knowledge 206-213

views of Liebig 222
Map, weather, early suggestions; distribution 76, 85
Maps of soils, remarks 344
Market, British, relations of Denmark and United States 47

butter and cheese, remarks by Secretary 52
farmers', enlargement 328
for American horses, remarks by Secretary 57
gardeners, dependence on seedsmen for seed 558
of American products in Denmark, discussion by Secretary 46

Markets and prices for cut flowers 589, 590
foreign, experimental exports of dairy products 464
for fruits and nuts, note on exhibits at Paris Exposition 21

Marl, early views on use as fertilizer 207
Maryland tobaccos, curing, use, and method of selling 435
Massachusetts Agricultural College, library 499

unique position, courses of study 183

society libraries 494, 500. 51 1

1

Mead, Elwood, article on "Rise and Future of Irrigation in the United
States » 59 1-6 1

2

Meal, grains, and flour, analysis, remarks on problems 235
Meat inspection, figures showing growth 461

need of more and better . 628
statistics - 48

Meats and meat products, summary view of business of packing 329
dressed, and live stock, rail rates Chicago to New York 8 15

notes on research for preservatives - - 14

packed, rail rates Cincinnati to New York 846
Mechanical and business problems, discussion. 643-653

separation of cream from milk »- 393
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Merriani, C. Hart, outline of investigations of bird habits . 264
Metcalfe bean, note on use as forage plant 29
Meteorological data, collection by experiment stations 539

service, three epochs 72
Meteorologist, work for agriculture, etc., article by F.H. Bigelow 71-1)2

Meteorology, contributions of Weather Bureau 91

facts obtained by aerial observations with kites 13
instruction 81

note on bibliography 87
larger questions 92

Mexican boll weevil, note on study 15
Mexico, inspects >n of animals 49
Michigan Agricultural College library 500
Micro-organism of pleuro-pneumonia, note. 113

Micro-organisms, relation to nitrogen nutrition of cultivated plants 246-253
putrefaction and fermentation, investigators. 350

Microscopic inspection of pork, discussion 462

Milch c< »ws, number and value 818-82Q
Milk and milk products, work of experiment stations 542, 543

butter, and cheese, early methods 383
effect ( >f herd improvement on yield and quality 392
fat test, Babcock tester for making 395
list of forms, etc 331
mechanical separation of cream . 393
production, growth of business. 3'J9

Milking, method, lack of improvement 398
Millet, Japanese barnyard, note on use 30
Millets, value for succulent forage 625
Milner, R.D., and A. C. True, article on "Development of the nutrition

investigations of the Department of Agriculture" 403-414
Mineral fertilizers, early lack of appreciation; plant nutrition 213, 221

wealth < >f arid region 599
Mitchill, Samuel L. , first professor of agriculture in Columbia College 161
Moisture ami temperature of soils . 343
Monroe. President, vetoes of road bills,. 374,375
M< ii >re, Pr< if'i sssor, administration of Weather Bureau 80
Mormons, early irrigation at Salt Lake 592

in Utah 343
Morrill Act, effect on farmers' institutes 170

of 1862. remarks; provisions 166, 167
second, effect on development of agricultural education 172, 173

Justin L. , remarks on character and on work for agriculture 167
Morton. J. Sterling, institution of Arbor Day ... 306
Mosquitoes and Mies, carrying of disease 15
Mountain stations in weather service, note 91
Mowers and reapers, improvements, including patents, trials, etc 318
M< lyamensing Pine, prize strawberry, note 483
Males, number and value .. .. 818,819
Murre, use of eggs 271
Mutton , relation to sheep breeding . . 639
Mycology, Section, establishment in Department of Agriculture. 194
Myer, A. J., work in weather service 77,78

National highways. movement 372, 373
parks, forest problems 298

Natural sciences, work of land-grant colleges 169
New England, remarks by Secretary on abandoned farms 60

Jersey, building of good roads. 378
Orleans, training of sugar experts 187
York. College of Forestry, remarks; forestry work in Adirondacks 753

early grant for teaching agriculture 161
Society for Promotion of Agriculture, work for libraries 493
to Chicago, freight rates, discussion 660, 661

Newton, Commissioner, remarks on work of Chemist _ . 237
Nile, irrigation and dependent population, comparison 598
Nitrates, problem of supply; conversion of nitrogen 249, 251
Nitrification, progress of study and discussion 251
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Nitrifying organisms, study by Division of Chemistry 246
of application to soil 742

Nitrogen, in agriculture, early views 217, 221
nutrition of cultivated plants, relation of micro-organisms 246-253

Nitrogenous food for leguminous plants, supply by bacteria 248, 249
Normals in weather service, remarks 85
Northern States, note on sugar beets 57
Northwest prairie region, problem-of securing apples suited to climate 478
Novius (Vedalia) cardinal is, introduction against fluted scale, note 153
Nozzles for spraying insecticides, notes 153
Nursery stock diseases, remarks 198
Nurserymen, use of hydrocyanic-acid gas on stocks 151

Nutrition and food of man , scope of investigations 404
human and animal, work of experiment stations 536

remarks by Secretary on work 35
investigations by Office of Experiment Stations 530

cooperative, present work 41 1 , 412
of Department of Agriculture, development, arti-

cle by A. C. True and R. D. Milner 403-414
nitrogen, of cultivated plants, relation of micro-organisms 246-253
of man and animals, work of experiment stations . 543

cooperative inquiries . 405
plants and animals, chemical researches 231 , 232

Nuts, improvement by selection 489
note on exhibit at Paris Exposition 20

Nuttall Ornithological Club, formation and work 260

Oat seeding in 1899 724
Oats, acreage, etc. , statistics 760, 766, 777, 784, 789, 794, 798, 803

improvement by hybridization 488
Oil cake from United States, Danish purchases 46

cakes for fertilizing, recommendation by Davy 211
Oleomargarine, notes on substitution for butter 344
Ormerod, Eleanor A. , remark on work of American economic entomologists

_

155
Ornamental plants and flowers, improvement _

.

488
Ornithology, economic, functions of Division of Biological Survey 265

in United States, review, article by T. S. Palmer, _ 259-292
Ostrich, South African, establishment of industry : 274
Owen, David Dale, chemical examination of soils 340
Owls and hawks, study by Biological Survey, and bulletin 265
Ownership of water supply, problem 607

Pacific slope, investigations in agrostology 353

States, note on beet sugar 57
Packing meats and meat products, summary view of business 329
Paine, Halbert E. . efforts for national weather forecasts 77
Palmer, T.S., article, "A review of economic ornithology in the United

States" 259-292
Pan-American Medical Congress, remarks by Secretary on proposition 64
Parasites as causes of jolant diseases 191

Parasitism of fungi, note on articles by T. J. Burrill 193

Paris Exposition, exhibit of experiment stations, remarks by Secretary 33
note on horticultural exhibit — 20

Paris green, introduction as insecticide 146
Passenger pigeon, notes; early question of need of protection 268, 269. 284

pigeons, table of large flocks 270
rates, average per mile 849

discussion and notes 618, 053, 662, 663
Passer domesticus. (See English sparrow.)
Pasturage in the South, remarks 353

soiling or silage, crops 625

Pasture, use of woodland, for hogs and sheep, note 423
Pastures, temporary, on American farms, note 616

worn-out, cooperative work for improvement 29
Patent laws and agricultural patents 317, 318, 319

Office, chemistry in Agricultural Reports 231, 235
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Patrons of Husbandry, aid in general education of farmer 1S1
encouragement of libraries 511
national and State officers 717-719

Pea , garden, improvement by hybridization 485
Pear blight, note on cause and remedy 193

study 18
Pears, early work by Governor Edwards in improving 471

notes on origin of well-known varieties; extension of cultivation.. 477,478
Peas, acreage devoted to growing seed ._ 560

black-eyed. (See Cowpea.)
Peaty soils, investigation, note 742
Peck. William D., first professor of natural history at Harvard, note 138, 161
Pedigree in stock breeding, notes 634,635
Pennsylvania "scalp act" for birds, note 363

State College, extension of agricultural teaching 179
Pentosans, effect upon denitrifying organisms 742
Periodicals in library, note 44
Perique tobacco, curing and use 433*

Peruvian guano, quality 274
Philadelphia Society for Promotion of Agriculture, proposal for libraries.. 4'i2

Philippine Islands, remarks on report on trade; agriculture 45. 60
Philippines , feasibility of cultivation of Isonandra gutta (rubber plant) .. 62

need of experiment station 33
PhUohela minor, legal killing 2*1

Phosphates, cause of availability of phosphoric acid . 742
Ph. tsphatic deposits of South Carolina, early reference. 238
Phosphorus, early lack of appreciation as plant food 212
Physical and chemical investigations of soils, remarks by Secretary 28

quality of earths in relation to water, statement by Davy 205
Pieteks, A. J., article on " Seed selling, seed growing, and seed testing "_ 549-574
Pigeon, passenger. (See Passenger pigei >n. )

PlNCHOT, Gifford, article on " Progress of Forestry in United States ".. 293-306
Pine bel t of Atlantic coast, prevention of fires

;
planting , 425, 426

Pinnated grouse. (See Prairie hen.)
Plains. Western, importance and extent of tree planting 426
Plank roads, remarks on early popularity 371
Plant and seed, introduction, note on section. _ 55

breeders, note on conference in London 19
breeding during nineteenth century, evolution of methods 468, 469, 470

in United States, progress, article by Herbert J. Webber
and Ernst A. Bessey 465-490

review of improvement of fruits in nineteenth century 475
diseases, beginning of modern research 192, 193. 194

in 1899, review 750

the United States, progress in treatment, article by B. T.
Galloway 191-200

food, nitrogenous, supply to leguminous plants by bacteria 248
remarks on danger of exporting _ 233
statement by Davy 205

growing era 581
growth, study of chemistry 744
nutrition, development of principles, by Liebig 219

etc., note on study ._ 17
pathologists, lack, notes. 37,67
pathology, present and future, remarks 199

Planting of forests, discussion . 425
Plants, cultivated, relation of micro-organisms to nitrogen nutrition 246-253

for production of rubber, notes 62
semiarid regions, remarks by Secretary 60

growing under glass, present state of industry 585-590
progress, article by B. T. Galloway 575-590

growth, study of chemical processes, note 240
proof of sexuality 469

statements of Sir Humphry Davy on relation to soil 204
views of Liebig and others as to supply of carbonic acid 220, 222

Pleuro-pneumonia, contagious, work of Bureau of Animal Industry 442, 418
experiment as to contagion 112
experiments and report of Australian commission 110
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Pleuropneumonia, inspection of cattle, notes 443, 444
investigations 109, 110, 111
proclamation of eradication 445
statistics of work of eradication 446
success of experimental exposures and inoculations 113

Plows, review of improvements including patents 315, 316
Plum curculio, development of use of Paris green 148
Plums, remarks on improvement. 479
Poa macrantha , value as sand binding grass, note 354
Polar expeditions, international, note 86
Pollen, early use of mixture in hybridization 473
Pomology, Division, organization and duties; publications 669, 684
Pond's seedling grape, introduction 475
Poplar, success in systematic lumbering ... 423
Population, center, relation of movement to transportation 658
Pork inspection, microscopic 462, 464

statistics 49
Portland, Oreg. , importation of birds, notes 288, 289
Post-graduate work in agricultural science, lack of opportunities 68

office regulations, note on effect on seed trade . 543

Potash, early notes on value as plant food 213
Potato beetle, Colorado, use of Paris green, note 146

improvement from seedlings 484
Potatoes, acreage, production, etc. , statistics 763, 769, 786, 791 , 796, 807

study of starch yield 743
Potato-rot fungus, impetus to study of plant diseases 192
Poultry associations, list 697

enemies, note on book 263
statistics 324

Prairie hen, slaughter and disappearance 268, 269
Precipitation, average daily departures from normal for 1899 737-741

Preservatives in foods, statement of Chemist 14

Preserving, canning, and refrigerating, development 328

Press, agricultural, dissemination of information regarding chemistry 229
bulletins of experiment stations, notes 523, 541

Pribilof Islands, collection of birds' eggs 271

Prices of principal crops, statistics 759-771

"Process" butter, remarks by Secretary on damage to butter market 52

Proteids, vegetable, chemical study 744

Prussia, commission to investigate pleuro-pneumonia 110

Public control of irrigation, need of adequate system, note 602

use of money from sale for road building 372, 374
lands, leasing, discussion by Secretary 59
libraries, agricultural books 506-508

Road Inquiries, Office, organization and duties {see also Road) 669

supervision and control of irrigation 608

Publications, Department, notes 676

Division, organization and duties; publications 669, 684
miscellaneous, remarks by Secretary 43

of Biological Survey, notes 264
Department, demand 45

during calendar year 1899 676-686
experiment stations, franking privilege, etc 520, 540
Office of Experiment Stations, remarks 527

on agriculture, beginning 159

economic entomology, notes 142
systematic agrostology, list of most important 362, 363

(papers) of Weather Bureau, list of subjects 86
private, on grasses and forage plants 350

Puerto Rican insects, note on study 15

Rico and Cuba, climate and crop service 12

note on cattle ticks 50

need of experiment station — ... 33
production of tropical fruits and coffee 61

Pxitrefaction, relations of micro-organisms, list of investigators 250
Pyrethrum rosewm and P. ciueraritcfoUnm, tests in growing for insecticide. 152
Pyrosoma, absence from Puerto Rican cattle ticks 50

bigeminum, contagion of Texas fever 133
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Quarantine and inspection of import animals 457
for Texas fever, regulations for transportation of oattle 449
of animals, statistics : 49
restrictions for pleuro-pneunionia, note 443
use as means of suppression of Texas fever 133

Railroad extension, effect on crops and values 336
managers, aim of improvements 651
mileage, advance with growth of population 656
rates 653, 659
track, similar constructions in earlier times 644

Railroads, building, consolidation and extension 646, 648, 651 , 652
m >te on tree planting on plains 428
steam . introduction and development 375

Rails and r< tadbed, early forms and improvement 649, 650, 651
Railway, Midland. < if England, passenger rates 663
Rainfall for the season in several regions (see also Precipitation) 731

note on relation to tea cultxire . 58
observations of cause by Espy, note . . 74

Range industries, influence on irrigation 604
lands, notes on reclamation 29

Ranges, cattle of Southwest, note on overstocking 349
for stock, remarks by Secretary 59

Raspberries, remarks on improvement 480
Rates, freight and passenger discussion 660
Rations for Army and Navy, utilization of results of nutrition studies 412
Reading courses, farmers', methods, purposes, and officials 717
Reapers and mowers, improvements, including patents, trials, etc 318
Redfield. generalizations of first essay on storms 74
Redwood in California, notes on growth and study 21,23
Refrigerating, canning, and preserving, development 328
Re.^ie governments, kind of tobacco required for trade 434
Rescue grass, note on use_. 30
Reserves, forest, improvement of service 752

review 295
Reservoirs (in irrigation) remarks by Secretary 39
Rice crop or certain countries, 1895-1899 . 782

fields, irrigation 39
from Japan, note on introduction 16
improved, discussion of introduction by Secretary 63

Richardson, Clifford, note on analyses of flour and bread 405
Riley, Charles V. , work for economic entomology 140, 147
Rinderpest , note on confusion with anthrax 114
River stages, note on publication 89
Rivers, Western, notes on flow . 39
Roadbed and rails, of railroad, early forms and improvements 649
Road building. Congressional action, remarks 374

in United States, progress, article by Maurice O. Eldridge. 367-380
recent progress ... 749

Road Inquiries, Public, Office, establishment (see also Public) 377
publications 684

parliament, national, central committee, committeemen 701
Roads and canals, early agitation and effort 654

in early days, description by Dickens _ 377
of colonists, forced-labor system 368
proposition for national system 373

Robin, food habits 261 , 263
Rocky Mountains, grasses of eastern slope, early report 349
Roof, sash, substitution of fixed roof in greenhouse 579
Roses and other flowers, figures for quantities sold 584

improvement by hybridization . 489
Rothamsted, study of nitrogen as plant food 247
Rubber, India, importance of trade, supply, etc., discussion by Secretary .. 61

plants, experiments for island possessions 56
Rusk, J. M.

, proclamation of eradication of pleuro-pneunionia 445
Rust, wheat, notes on relation to barberry 192
Rye, acreage, production, etc. , statistics 762, 768, 779, 785, 790, 795, 70S, 805
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Salmon, D.E., article on " Some examples of the development of knowl-
edge concerning animal diseases " 93-134

Saltbush, Australian, chemical study 743
note on value on alkali land 29

Saltbushes, remarks on value 359
Salt Lake City, damage to alkali soils _ . . 26

marshes, grasses, note. . 355
note on early use as offensive to insects 2 213
River Valley of Arizona, civilization 599

San Jose scale, study; discovery in Eastern United States 15, 143
Sand-binding grasses, notes 354

dunes, tree planting 428
Sang, French name of anthrax 115
Sanitary boards, secretaries, and State veterinarians 698-701
Saunders, William, notes on work 66,348, 487. 580
Scab, sheep, remarks by Secretary 50
Scale insects, use of hydrocyanic acid gas, notes on use 151

white or fluted, destruction, notes 153

School, district, suggestions of location of agricultural library 495,J512
for instruction in meteorology 81 , 82

Schools, agricultural , early establishment 225
common, instruction in meteorology 83
of agriculture, secondary courses 188

organization 177
veterinary, establishment of first, dates and places 96

Sciences related to agriculture, provision for teaching 184
Scientific, agriculture at middle of century, discussion 218-224

and technical reports, note on distribution 676
farming, note on change in system of agriculture 246
or systematic agrostology, review of work 362-366
problems in meteorology, note on study in Weather Bureau 82
research by experiment stations 523
training in Department, remarks by Secretary 67

Scribner, F, Lamson, article on " Progress of economic and scientific agros-
tology" 347-366

note on work on plant diseases 194
Seaweed as fertilizer, note on early use 211
Secretary of Agriculture, authority to contract for telegraph service 84

conclusion of report - - . 69
duties. 667
office, publications 677
recommendations 14,15,26,42,53,59,64,65,66,351
report 9-70

Seed catalogue, development 553
difference in results from differences in growing 563
export trade . 557
for planting, present general theory 470
germination, study of chemistry 744
growing, discussion 557-564
harvesting 564
houses, growth, remarks 5t>6

of Egyptian cotton, note on distribution 65
Turkestan clover, note 64

selling, growing, and testing, article by A. J. Pieters 549-574
testing, discussion 570—57 1

laboratory, commercial, note 573
tests, in distribution by Department - 56
trade during first half century 552

Seedlings, ungrafted, use in early fruit culture 471
Seeds, Division, organization and duties 870

notes on tests; notes on introduction -- 16
Seedsman's modern catalogue, importance and use 555
Seedsmen, methods of seed testing 572
Seepage from irrigation canals, note on effect in alkali soils 25
Self-registering apparatus, note on evolution . . 84
Semiarid regions, remarks by Secretary on efforts to secure plants 60
Separator, cream, advantages, forms, and improvements 293, 394
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Serum treatment for hog cholera, note 453
Setting cream, notes on methods 390
Shade, fruit, and other trees, diseases 750
Shakers, growing and selling of seeds 558
Sheep and cattle industries compared ... 629

percentages of losses at sea 459
In »g pasture, a -< of woodland 422
horses, production of anthrax 115

breeders' associations, list 694
importation for breeding 633
inspection for export 49. 456
number and value 818-821
reduction of mortality by use of anthrax vaccine 120
scab and hog cholera, work of Bureau of Animal Industry 452

remarks by Secretary 50
sources of income, note 639
traffic, regulation against sheep scab, note 453

Shipment of sheep, measures to prevent spread of scab 51
Ships for expi >rt of cattle, improvement under inspection 458
Shorthorn cattle, discussion 632, 637
Side oats and blue grama, remarks 357
Signal Corps, transfer of weather service 71,79

Service, establishment of Climate and Crop Bulletin 88
Silicic acid, as cause of availability of phosphoric acid 742
Silos, construction and treatment of contents 618

different forms 619 . 620
pioneer attempts at preserving forage .. 616,617

SlX< i. a i k. Angus, article on " Development of transportation in the United
States"' 643-663

Small fruits, diseases 751
Smallpi ix, c< i wpox. and Ik irsepi >x. relation 108

or vari< da, discussion 102, 103
Smithson, Hugh, proposal to use bequest as aid to agriculture 164
Smithsonian Institution. display of weather maps 77
Smoking and manufacturing tobaccos, discussion 435
Smuts iA' wheat, corn. etc.. notes 192
Smyrna tig trees in California, remarks on fertilization 15
Snowstorm of February, 1899, remarks.. 12
Societies. agricultural. note on early organizations in England _—•____ 158
Society and State board (agricultural) libraries 502-504
Sodium nitrate, early notice of value as fertilizer 239
Soil analysis, methods described by Sir Humphry Davy 204

bacteria, useful and injurious 249,252
investigations, important, summary 345

in the United States, article by Milton Whitney 335-346
physical and chemical, remarks by Secretary 28

mapping in the East, remarks by Secretary 26
necessity of aeration, moisture, and liming, to nitrification 252
physicist, proposed study of abandoned farms 60
physicists, lack, notes 37, 67
problems, effect of chemical research 341

Soiling, growth of practice in the United States 615
pasturage, or silage, minor crops 625

Soils, analysis, report of Chemist for 1869 238
chemical and bacteriological investigations 339, 341
collection and experiments at Sitka and other Alaskan points 35
comparative studies by Division of Chemistry 245
derivation from rocks, statement by Davy 205
Division, organization and duties; publications 669, 684
[early] knowledge of composition and functions 203
effect of sea water, composition 743
open and porous, early preference, note 217
study by experiment stations: in chemical laboratories 534. 743
temperature and moisture, remarks; texture, remarks 343, 344

Song Birds, European, Society for Introduction, note on work 288
Sore heels, or grease, relation to cowpox 103
Sorghum study by Chemist, remarks; usefulness 242, 243
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Sorghums, value for succulent forage - 625

South America , introduction of potatoes'** 484

Carolina phosphates, introduction, note 338
Railroad Company, operation with locomotives 646

grazing and forage problems 352

illustration of lumbering 421

Southern cattle as source of disease, early observations (see also Texas) 125

note on inspection . 49

grown vegetables, beginning of effect on Northern market 483

Spanish language as obstacle to Weather Bureau work in Puerto Rico 12

Sparrow, English, bounty laws 280
European tree, introduction . .

.

288

Splenetic fever. (See Texas fever.)

Spores, anthrax, survival of treatment with alcohol and oxygen . 119

Sportsmen, League of American, work for enforcement of game laws 287

Spraying nursery stock, growth and saving, notes 196. 199

of orchards with Paris green, etc. , notes 147

with copper sulphate, note 18

Sprout land, careful cutting. 419

Spruce, early conservative cutting 419, 420

in Adirondacks, improvement in cutting 22

Squash, improvement by crossing and selection 486

Stable, model (French) commission, note 99
'

' Stamping out " of hog cholera, effectiveness of work 454

Starch manufacture, remarks 253

yield in potatoes, study 743

Stassfurt salts, study of effect on starch yield in potatoes 743

State agricultural societies, secretaries, list 687

board and society (agricultural) libraries 502-504
forestry, review of work in United States; list of States 299
officials in charge of agriculture, list 686
weather services, note on establishment 87

Statistics, Division, organization and duties; publications 668, 685
Steam engine, early discussion of use for transportation 645

railroads, introduction and development 375
Steel rails, introduction on railroads and advantages 651

siding for silo, note - . 619
track roads, notes on experimental sections 41

Sterna, spp. notes on extermination 272
Stock breeding, improvement; effect of foreign demand 830, 631

speculation in pedigree 634
grazing, combination with forestry by West Virginia landowner 421
live, work of breeder in improvement, article by John Clay, jr 627-642
value of ensilage as food 620

Stone as roadbed for railroad 619
use in making smooth roads in early times 644

Storer, F. H. , early publication of bulletins for Bussey Institution 2.27

Storm warnings, first issues . 81
Storms, dangerous, note on success in forecasting; origin 90. 91

observations of Franklin: generalizations of Redfield 73. 74
remarks on description in Monthly Weather Review 86

Straw, coarse, and manure, effect of application to soils 710
Strawberries, improvement, remarks 482
Streams, note on study of effect of forest growth 23
Struth io a ustralis, note on farms for raising 274
Stumps, method of cutting to prevent decay 419
Subsoiling as a fad, remarks 343
Sugar as fertilizing material, opinion of Sir Humphry Davy. - 210

beet, results of chemical study; new factories 744
seed, note on distribution 56

work of Chemist 14

beets, note on early study
remarks by Secretary 57

cane and beet, work of experiment stations. . 544
crop and imports, statistics 781,83!). 840
Davy's method of purifying; ni >tes . 214
effect of beet sugar on market 243
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Sugar experts . training at New Orleans 187
from sorghum study by Chemist 242
land, irrigation in Louisiana 39
manufacture, remarks 254
remarks on imports from island possessions 60

Sulphuric acid, note on use in fertilization 221
Sumatra tobacco, Florida-grown, notes 437. 438
Superintendent of Documents, sale of publications of Department 43
Supply Division , chief, duties . 667
Sweet pea . devel< >pment < >f varieties 569

improvement 488
potato, note on treatment of disease 18

Swine breeders' associations, lists (see also Hogs) 696
number and value 818

Tags, use in inspection of animals and meats by Bureau of Animal Industry . . 460
Tanning, relation of chemistry 256
Tea culture, remarks of Secretary 56,57,58

note on experiment in irrigation 39
tasters, necessity, note 58

'i i achers, instruction in nature teaching 178
Teaching, agricultural . necessity 67

oi agriculture, usefulness: early endowment 224.226
Technical education in agriculture, devel ipnient at land-grant colleges 169
Telegraph, effect of invention on weather forecasting 76
Telegraphic messages in weather service, precedence and cost 84,85
Telford and Macadam, introduction of broken-stone roads 372
Temperature and moisture of soils .. 343

av< rage daily departures from normal for 1899 732-737
for 1899 in several regions 731

Temperatures, study at Alaska stations 13
Tennessee, extension of tobacco industry 430
Tenth Census, chemical work, notes 340,341,344
Terns and gulls, notes on destruction 270

remarks on extermination along Atlantic coast 272, 273
Testing garden on Potomac flats, note .. 16

uf seed, discussion 570-574
Tests i if hybrid fruits at subtropical garden, notes 19
Texas cattle, connection with cattle disease in Mississippi Valley 125

collection of birds' eggs 271
fever, decrease of losses 452

district, fixing lines 449
investigations, remarks by Secretary 50
regulations issued by Secretary Wilson for control 449-452
splenetic fever, or Southern fever, of cattle, discussion 124-134
work of Bureau of Animal Industry 448-452

experiment stations '. 546
Texture of soils, remarks 344
THOMPSON, George F. . article on ••Administrative work of the Federal Gov-
ernment in relation to the animal industry ;

' 441-464
Thornton, Dr., Commissioner of Patents, suggestion of agricultural fairs. .. 160
Ticks, relation to Texas fever '.

129, 130, 131

problem of destruction as preventive of Texas fever 134
Puerto Rican, freedom from Texas fever contagion 50

Timber-culture act 427
laws, notes 294

liseases, note on study 17
Tobacco and suiphur dip for sheep scab, composition 453

cause of fermentation, remarks of Secretarv 27
cutting 1899... 729
date of first crops 310
growing previous to present century 429
industry, growth, article by Milton Whitney and Marcus L.
Floyd 429-440

investigations, remarks by Secretary 27
leaf, filler: exports from the United States, statistics 27, 439
lemon-yellow, origin and growth of trade 430
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Tobacco manufactured snuff, cigars, and cigarettes, statistics 438
planting in 1899 724
statistics, production, estimated, from manufacture 770, 771

White Burley , origin and growth of trade 430
Toil on railroads, rates 648

system of maintaining roads, results 372
Tomato, development of varieties 568

improvements by breeding new varieties 483
origin and improvement 466

Tornadoes, early study by Redfield, Espy, and others 74
Trade. Danish export, secret of success 47

journal in flower trade 5S9
Tramways, forms and uses 644
Transportation, development in the United States, article by Angus Sin-

clair 643-663
distant, in United States, discussion 658
early pressure cf production 643
expansion and progress 653-663
problem, relation of country roads 376
rates 841-849
regulations for cattle for control of Texas fever ... 449

Travel and transportation, difficulties 376
Traveling libraries, agricultural books. 509

failure to supply farmers' needs 491
Tree planting, economic, discussion by Secretary 23

work of Division of Forestry 303
in treeless "West, notes 304

Treeless regions, note on forestry reports of competent men 23
Trees as indication of quality of soil 341

commercial, studies by Division of Forestry 23, 303
fruit, shade and other, diseases 750
species planted for forest reproduction, notes 425, 426, 427, 428

Trichina?, microscopic inspection of pork 463
statistics of inspection of hogs 49

Tropical agriculture, note on interest 16

imports, discussion by the Secretary 60
True, A.C. and R. D. Milxer, article on "Development of the nutrition

investigations of the Department of Agriculture " 403-414
article on "Agricultural education in the United States " ... 157-190

"Agricultural experiment stations in the United
States" 513-548

Tuberculosis, bovine, work of Bureau of Animal Industry 455
effect on improvement of cattle by breeding 635

Turnpike roads of chartered companies 370. 371
Turpentine forest, prevention of fires 425
Tympanuchus americanus, notes 268
Type in breeding cattle and sheep, remarks 638

Underdrainage, remarks on craze 342
Uniformity in breeding stock, remarks 641

Universities, colleges of agriculture, list; extension in agiiculture 183, 187
Urea, effect of muscular exertion on production 404
Uria spp. , notes 271

Vaccination, introduction as preventive of smallpox 103
Vaccine, for anthrax, note on increase of use 120

pr< xluction for blackleg; use for blackleg 1 24, 454
remarks by Secretary on use for blackleg 49

Valentine, Lawson, attempt to establish experiment station 517
Van Mons, Jean Baptiste, plant breeding 469
Variola (cow pox, horse pox) , discussion 102. 105. 106
Vasey , George, notes on work on grasses 349. 350, 364 . i M >5

Vegetable and animal matter in soil, statement of Sir Humphry Davy 304
growth, early study of relation of gases . 347,

Physiology and Pathology, Division, publications. 685
organization and duties 669

proteids, chemical study 744
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Veg< stal >le seed, sections for profitable growing; varieties 561 . 566
substances, note on nnmber described by Dr. Thomson 215

Vegetables, cotton . and cereals, diseases 751
early definition 214
forcing under glass . statistics 5*6
improvement, remarks 483
winter: Southern-grown, effect on Northern market 585. 583

Vegetation house, use in study of soils 245
Vehicles, farm, notes on progress 315
V< sselfl carrying export cattle, inspection 457

note cii inspection for export animals 49
Veterinarians, English, views on communication ofdiseasefrom horse tocow 105

France, views as to contagiousness of glanders 97

State and secretaries of sanitary boards G98-701
V rinary science, commencement of systematic study _ 96

wt »rk i >f experiment stations . . . 537
Vineyards, brief review of grape growing and diseases 197
Virus, anthrax, failures in effort to destroy _ 119 '

Volunteer experiments in agrostology 360
observers of weather, note on work 86

Vo. trhees, E. B. , collection of data on irrigation in New Jersey 39

Wade, Benjamin, bill for land-grant college? 167
Walsh, Benjamin D. . work in economic entomology . 139
"War Department, relations to weather service 78. 70
Warnings by Weather Bureau, notes and discussion 9. 11, 12

•• emergency," in weather service, note 90
storm and meteorological reports, devolopment 80

Washington, George, remarks on need of roads. 369
President, recommendation of national board of agriculture. . 513

Waste lands, early planting of forest trees 417
Wastes of cities and towns as fertilizers. note on chemical investigations .. 239

er duty, note on objects of study 38
laws and problems in irrigation . 605, 606, 607
notes on use and control in irrigated regions 85
pi iwer as m rurce of wealth in arid region 600

of soils to absorb, statement by Davy 205
right c< mtracts, remarks 39

problems of arid regions 595, 597
necessity for attention from Federal Government 37

supply and water content of soil, chemical study 743
appropriation and distribution 608

Waterways, approach of railways in cheapness of transportation 651
Watson. Elkanah, origination of cattle shows 160
Weather and crop conditions, season of 1899 750-743

bulletin, daily, copy of first of daily series 80
Bureau, annual reports of chief, remarks 83

contributions to meteorology 91
extracts from report of chief 11
library remarks 87, 505
organization and duties; publications 79, 667, 685
publications, method of distribution and sale 676

charts, early construction 73
map and forecast, daily, discussion 88

daily. notes 76.77
observations, collection and study, remarks . . 85
relation of forecasts to Alaska, Canada, Mexico, and West Indies. . 72

Review, Monthly, remarks on establishment and contents . 86
Service, organic laws 71

remarks on savings 90
successive chiefs 78

Webber. Herbert J., and Erxst A. Bessey, article on " Progress of plant
breeding in the United States " 465-490

Wesleyan University", nutrition investigations. 405, 406, 407. 41 19

West Indies, note on weather reports.. 8")

Wheat, acreage, production, etc. . statistics 760, 766, 776. 783, 788, 793, 798, 801
effect of latitude on content of gluten 244
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Wheat, flour, American, sales to Denmark _. 46
grasses as means of reclaiming range lands, note .... 29

remarks on varieties and uses 357
hard and soft, difference of flour 216
harvest, 1899. 726,727,728,729.730
improvement by selection of seed and hybridization 472, 486
machines for sowing and reaping 318
note on gluten content 15
rust, relation to barberry plant, notes 192
spring, seeding in 1899 724

Whisky, relation of chemistry to aging, note 256
White Burley tobacco, curing and assorting 435

origin and growth of trade 430
pine, trees left for seeding in New Hampshire 421

Whitney, Milton, and Marcus L. Floyd, article on "Growth of the
tobacco industry "

. . . . 429-440
article on " Soil investigations in the United States ". . 335-346

W. C. , systematic lumbering of land 420
Wickson, E. S. , remarks on growing flower seed 560
Wilder, Marshall P. , advice on origination of varieties of fruit 473
Wilderness turnpike, earlj road from Virginia to Kentucky 370
Wild pigeon. (See Passenger pigeon.)
Wiley, H.W., article on "Relation of chemistry to the progress of agri-

culture " 201-258
investigation of cereals, sugars, and other products as food
and for adulterations 405, 406

Williams, Thomas A., article on " Succulent forage for farm and dairy". . 613-626
Wilson, James, report as Secretary of Agriculture 9-70

Secretary, regulations for control of Texas fever 449-452
J. P.

,
patent application for potato bugs 147

Wind breaks, tree planting 427
Wine-making industry, chemical investigation 237

value of chemistry . 255
Winogradsky, study of nitrification 252
Wisconsin agricultural college library . 502

farmers' institutes and annual bulletin 187
Wood ashes, remarks of Davy on use as fertilizer 212
Woodcock, months of legal killing 284
Woodland, cutting for firewood (see also Forest) 418, 419
Wood lots, tree planting 426
Woodpeckers, study by Biological Survey 266
Wood, usefulness in construction of silo 619
Wool, relation to sheep breeding 639

remarks on effect of price on sheep industry 629
wholesale prices in leading cities 817

World's fairs, note on Weather Bureau exhibitions 91
Wrapper leaf (tobacco) . note on production in Connecticut 27
Wright, Carroll D. , studies of dietaries 407
Wyoming experiment station, success with Turkestan alfalfa 63

Yale, chemical work for agriculture . 227
College, appointment of professor for agricultural subjects 1 64

experimental work in agriculture 515
Yearbook for 1899, remarks by Secretary 43
Yeasts, chemical studies, notes 255, 256

note on use in making wines 18
Young, J. R. , first American study of human nutrition, note 403

Zimmer Spanish tobacco, description 437
Zoology, work of experiment stations 535
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